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t Have not been heard from, 
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Johnston, A. K,, Platteyille, Wisconsin. 

*Eeep, N. C, Boston, Mass. 
fKing, Dr. David, Newport, Rhode 
uUind. 

^Lawrence, Prof. Edward A., East 

Windsor. 
*Locke, Prof. Joseph M., Cincinnati, 

Ohio. 
Lord, Ber. John, Stamford, Conn. 

^Mayhew, Prof. D. P., Ypsilanti, Michi- 
gan. 
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Merrill, Habert EL, Lebanon, Tennessee. 
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Monison, Benjamin L., Nantucket, Mass. 
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consin. 
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Porter, Charles T., New Yorit, New York. 
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Ohio. 
♦Root, Prof. O., Clinton, New York. 
$Rntherford, Lewis M, New Yoik, New 

Yorit. 

Safibrd, Tmman H., Cambridge, Mass. 
Sanborn, Frands G., Andover, Mass. 
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♦Schofield, Prof. J. M, West Point, 

New York. 
♦Scndder, Samuel H., Boston, Mass. 
♦SerrcU, Edward W., Greenfield, Mass. 
Spring, Dr. Charles H., Holyoke, 

Mass. 

♦Steams, Prof. WHliam P., Oxford, 

Mississippi. 
♦Sterling, J. w., Madison, Wisconsin. 
♦Storer, Frank H., Boston, Mass. 

tThompson, H. C, Chapel Hill, North 

CinoHna. 
JTyler, Hon. P. B., Springfield, Mass. 

Ward, Henry A., Rochester, New York. 

tWaterbuy, Dr. Robert L., New York, 
New xork. 

♦Watson, James C, Ann Arbor, Michi- 
gan. 

♦Wheatland, Richard H., Salem, Mass. 

Wheildon, W. W., Charlestown, Mass. 
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tWilliams, Dr. Mather, Syracuse, New 
York. 



The following paid the assessment without signing the Constitation, or beiBg 
formally elected. 

/ Goodrich, C« S. 



The following signed the Constitation, and paid the assessment, bat was not for- 
mally elected. 

Brace, C. E., Ashtabula, Ohio. 



The following have Tolontarily withdrawn from the Association, or declined their 
election. 



David Dyer. 
J. H. Fairchild. 
Joseph Mackay. 



Owen Mason. 
M. F. Maury. 
H. W. Ripley. 



ADDRESS 



OF 



PROFESSOR ALEXIS CASWELL, 



PRESIDENT OF THE AMERICAN ASSOCIATION FOR THE YEAR 1858, 



OS SETIBINO FBOM THB DUTIES OF FBBBIDBKT. 



Mr. President, and Gentlemen op the American Association 
FOR THE Advancement op Science : — 

It sometimes happens that one finds himself in a position 
which requires an explanation, or even an apology. Such is 
my own case this evening. The duty which devolves upon 
me more properly belongs to another. Your Constitution pro- 
vides for a Retiring Address from your President. He be- 
comes, for the time being, your official adviser,— the exponent 
of your views. This is one of the objects contemplated in 
calling him to the presidency. Your Vice-President holds a 
somewhat different relation to the body, and may not, without 
seeming arrogance, take upon himself the special functions of 
his official superior. 

My own predilections and sense of fitness would have pre- 
cluded my appearance before you in this official capacity.. 

1 
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Hitherto, on these occasions, you have listened to the accred- 
ited representatives and leaders of American science, each of 
whom might well apply to himself the motto, " Quorum mag- 
na pars fui." I am but an humble laborer in the ranks. But 
I am here at your command, which, having for its object the 
advancement of science, is not lightly to be set aside. I 
should be unworthy of the confidence which you have reposed 
in me did I not endeavor to comply with your wishes in giving 
to our proceedings that completeness which the constitution 
contemplates. But in doing this, if I shall fail to offer any 
thing worthy of your attention, I beg you to bear in mind that 
it is not a failure of my own seeking. When I have done 
what I can, I shall take shelter in a divided responsibility. 

Permitted to convene on this, our Thirteenth Annual Meet- 
ing, it is fit that we should, as a first duty, pay a passing trib- 
ute of respect to the memory of those who have left us. It is 
well that we should pause even in the grave and urgent pur- 
suits of life to ponder on its brevity* 

Since our last jaaeeting, several who have been accustomed 
to participate in our proceedings, have ceased to be numbered 
with the living. Prof. Ira Young, of Dartmouth College ; Prof. 
William M. Mather, of the University of Ohio, and at the 
time of his death the acting President ; and Prof. Denison Olm- 
sted, of Yale College, have been borne to their long homes. 
They were all widely known in Academic circles. 

Prof. Young wapi born in the town of Lebanon, New Hamp- 
shire, May 23, 1801. His father was by trade a carpenter, 
which trade the aon also followed till he had attained his ma- 
jority. He early manifested mechanical ingenuity and an 
ardent love of knowledge. On arriving, at the age of twenty- 
one, he commenced a course of study preparatory to entering 
college ; which, with his diligence and ability, was soon com- 
pleted. He entered Dartmouth College, and, having completed 
the academic course, graduated with distinction, in 1828. Like 
many distinguished graduates of our colleges, he defrayed the 
expenses of his education mainly by the fruits of his own in- 
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dustry. He was soon called to the post of Tutor in the col- 
lege, and after two years of service in that capacity, was 
elected to the Professorship of Natural Philosophy and Astrono- 
my, which chair he filled with marked ability and success, till 
the time of his death, Sept 13, 1858, — a period of twenty-five 
years. He was a man of exact knowledge, of great firmness, 
of inflexible integrity, and of exemplary Christian piety. He 
was well versed in all the subjects pertaining to his department, 
and was, in the opinion of those most familiar with him and 
most competent to judge, an admirable teacher. He died in 
the fifty-eighth year of his age. 

Prof. Mather was a native of Middlesex county, in the State 
of Connecticut. The date of his birth has not fallen under 
my notice. His name appears in the list of graduates of the 
United States Military Academy, at West Point, for 1828. 
He entered the army, but in 1829 was appointed Assistant Pro- 
fessor of Chemistry, Mineralogy, and Greology in the Academy, 
and continued to discharge the duties of that post for a period 
of six years. He resigned his commission in the army in 1836, 
and was elected to the professorship of Chemistry in the Uni- 
versity of Louisiana, which place he held but for a short period. 
He was connected in succession with the geological surveys 
of the States of New York, Ohio, and Kentucky. His final 
report on the geology of the first district in New York was 
published in a large quarto volume in 1823. This is regarded 
as his most important original work, and in the opinion of 
competent judges, bears " honorable testimony to his ability 
and accuracy as an observer in this department of nature." * 
He also published valuable reports of his labors in connection 
with the surveys of Ohio and Kentucky. From 1847 to the 
time of his death, Feb. 29, 1859, he was Professor of Natural 
Sciences in the University of Ohio, and for some time previous 
to his death acting President of that institution. He was a 
valuable contributor for many years to iJie American Journal 

* American Journal of Scienee, YoL XXYIL p* 452. 
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of Science, in the departments of Chemistry, Mineralogy, and 
Greology. 

For the facts connected with the life of Prof. Olmsted I am 
indebted mainly to a discourse commemorative of bis life 
and services, delivered in the college chapel at New Haven, 
shortly after his death, by President Woolsey. 

From this it appears that he was bom in East Hartford on 
the 18th of June, 1791. He was a descendant of James Olm- 
sted, one of the first settlers of the colony of Connecticut. 
Bereaved of his father while but an infant, his youthful train-r 
ing was under the direction of his pious and most exceUent 
mother. He gave early indications of a love of books, and 
diligently availed himself of such slender means of instruction 
as the common schools of the place and the moderate resources 
of his family could afford. With the aid and encourag^oaent 
of a few friends who became interested in his youthful prom- 
ise, he prepared himself for admission to Yale College in 1809, 
where he was graduated with distinction in 1813. During 
his collegiate course he indicated no marked preference for any 
particular branch of study. If there was any department in 
which he might be said to be distinguished, it appears to have 
been that of literature. " He excelled in writing," says Presi- 
dent Woolsey, " and cultivated a taste for belles-lettres and 
poetry." On leaving college, he taught for a while a select 
school for boys, and was then appointed a tutor in the institution ; 
where, in addition to the duties of his tutorship, he commenced 
the study of theology, under the supervision of that distin- 
guished teacher and theologian, Dr.'Timothy Dwight. During 
this same year, Mr. Olmsted was appointed Professor of Chem- 
istry in the University of North Carolina, the sciences of 
geology and mineralogy being included in the professorship. 
While connected with that university he was invited by the 
State to undertake a survey of its geology and mineral treas- 
ures. A report of these labors was published in 1824-5, un- 
der the direction of the State Board of Agriculture. After a 
period of seven years' service at Chapel Hill, he accepted, in 
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1825, the appointment of Professor of Mathematics, Natural 
Philosophy, and Astronomy in his Alma Mater. For thirty-four 
years, with the utmost diligence and fidelity, he fulfilled the re- 
sponsible duties of this station, with the exception that the de- 
partment of Mathematics was after a few years constituted a 
separate professorship, and placed in other hands. It may be 
remarked in this connection, ihat his tastes and his early profes- 
sional studies, did not lead him to the cultivation of the higher 
branches of the Mathematics. Throughout the long period of 
bis professional life he sustained the reputation of an excellent 
teacher, specially apt in the clear and skilful presentation of 
whatever subject he hiad occasion to treat before his classes. He 
was the author of several text-books for colleges, which have 
passed through many editions. He also gave to the public sev- 
eral popular compends of science, designed for more general use. 
His text-books for colleges were his Natural Philosophy 
and his Astronomy. In both of these works he has restricted 
himself to the more elementary portions of the sciences, and 
has employed exclusively the geometrical methods in distinc- 
tion fiom the analytical. It seems to have been with him 
through life a leading object to make science popular, and this 
perhaps determined him in the particular mode of presenting 
it, deeming the geometrical method, of the two, the more readily 
understood. However true this may be, — and for beginners 
it undoubtedly is true, — the calculus, since the time of New- 
ton, has been the great instrument for developing, in aU their 
extent, the physico-mathematical sciences, and cannot be too 
strongly commended to those who would prepare themselves 
for independent and aggressive research. 

In addition to his scientific and more popular books. Prof. 
Olmsted was a very frequent contributor to the pages of the. 
American Journal of Science and Art. He was also an early 
and efficient friend of popular education, and was among the 
first to urge the importance of normal schools for the educa- 
tion of teachers. 

The extraordinary shower of meteors during the night of 

1* 
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Nov. 12, 1833, drew the attention of Prof. Olmsted to the 
investigation of that subject. After a very laborious inquiry, 
both historical and scientific, he came to the conclusion thai; 
these meteors were portions of the extreme parts of a nebulous 
body which revolves around the sun interior to that of the earth, 
but little inclined to the plane of the ecliptic ; having its aphe* 
lion near the earth's path, and having a periodic time of 182 
days nearly. * These researches attracted the attention of the 
public at home and abroad, and received the commendation of 
several of the most eminent aslaronomers of Europe. The 
explanation here given unites, perhaps, a larger number of 
suf&ages than any other, and yet is hardly to be considered as 
one of the established facts of science. 

The elaborate memoir of Prof. Olmsted, entitled, " On the 
Recent Secular Period of the Aurora Borealis," published by 
the Smithsonian Institution, may justly be regarded as one of 
the most valuable papers which have been given to the public 
on the perplexed subject of the Northern Lights. 

Few men have been called to drink more deeply of the bit- 
ter cup of affliction than our deceased friend and associate. 
Betweeh the years of 1844 and 1852, he buried four dutiful 
and promising sons, — all graduates of Yale College. Their 
mother had died before them. These heavy bereavements he 
bore with singular Christian fortitude and resignation. As a 
citizen, teacher, and friend, he was universally beloved. I 
should fail in doing justice to his memory did I not quote a 
single sentence, illustrative of his character, written a few days 
before his discease. " In view of the uncertain issue of this 
sickness," he writes, " I desire humbly to cast myself upon 
God, humbly to implore his forgiveness of my sins through 
Jesus Christ, and to express a cheerful hope that, should I be 
called away, it will be to my heavenly Father's house." 

We now pass to other considerations appropriate to this oc- 
casion. 

• 
* Woolsey's Discourse, p. 17. 
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It is not expected that this Address will take the form of a 
scientific paper. It embraces a wider scope and more varied 
topics. And yet it is hoped that it will not, on that account, 
be the less pertinent to the general purposes of our meeting. 

The object of this Association is the advancement of sci- 
ence. Here two things are implied : first, that science is an 
object worthy of our pursuit; and, secondly, that combined 
efforts are necessary to its progress. A few moments' consid- 
eration of these points may not be without interest 

1. To say that science is worthy of our pursuit, may at 
first seem to be a mere waste of words, — the statement of a 
proposition to which every one assents. But what do we 
mean by science ? Is it the method of converting the products 
of the fields and forests Into articles of commercial value? 
Does it specially embrace those labor-saving machines by 
which one man does the work of twenty or an hundred ? Is 
it chiefly found in the immense accumulation of mechanical 
force by which ponderous masses of iron and stone and tmi- 
ber are handled and tossed about as if they were mere play- 
tiiings in the hands of giants ? Certain it is that science has 
largely contributed to these results. But results like these by 
no means limit the value and range of science. These are ex- 
amples of its immediate ability. But it has claims to our 
consideration beyond its immediate utility. The high and 
very just appreciation of what is termed practical and useful 
has, no doubt, in many instances, operated to the injury of 
what is termed speculative and theoretical. Nor is this singu- 
lar. The random speculations and the fallacious theories with 
which the world abounds, under the pretence of improvements 
and progress, have contributed in the general mind to depre- 
ciate all scientific results, I will not say, which are not suscep- 
tible of practicable applications (for of this we cannot judge), 
but which have not yet been applied to practice. There is 
everywhere a pressing demand for what is practical, and often 
a narrow utilitarianism, which looks with suspicion, and some- 
times with contempt, upon the profoundest speculations of 
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science, because they do not pay back to the laborer the wages of 
his hire in marketable value. The scientist, no less than the se- 
verest utilitarian, rejoices in every contribution of science to 
the arts, but he does not admit that the whole value of science 
is to be measured by any present applications. He puts in a 
demurrer to the conclusion that those portions of it are useless 
of which we do not now see the utility. The use may be be- 
yond our present sphere of vision, or, if coming within our cog- 
nizance, it may not admit of comparison with any standard of 
measure. Unlike the precious gem, which has an exchangea*- 
ble but no intrinsic value, science bears no price in the market. 
It transcends all ideas of comparison and exchange. Its high 
utility lies in the breadth and dignity and sublime grandeur 
which it gives to the human mind. 

In the succession of geological strata, buried deep in the 
earth, with here and there an upheaval which brings then! into 
view, as in the computed periods of astronomical perturba- 
tions, what vast cycles of time are brought within the grasp 
oi the understanding? It is not merely the naked, isolated 
conception of an immense duration, but a distinct and orderly 
succession of events, which makes up the physical history of 
that duration. 

In the narrow sense of utility, it may be of little use to 
know what relation or fellowship exists between the two com- 
panions of a minute double star, — minute to us, but of vast 
intrinsic splendor ; — but what educated mind can be indiffer* 
ent to the fact that the identical law of gravity which deter- 
mines the fall of an apple, binds those stars to each other, and 
compels them, through vast cycles of time and almost bound- 
less space, to trace their elliptic orbits ? That, to our appre- 
hension, is the grandest law of nature. It controls the mate- 
rial universe, and heralds from sphere to sphere, in endless suc- 
cession, the order and harmony which emanate from the Cre- 
ator's will. It is thus, under the guidance of science, that our 
conceptions of law and order, of space and time, lead us to 
the Infinite. We look at the starry hosts, — myriads though 
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tbey be, — and ask, are there not more ? Is it in the lowest de- 
gree probable that the material world is bomided by the utmost 
limits of our telescopic vision? The universal dominion of 
the same law, the fined stability which prevails over inevitable 
and endless perturbations, mark the universe as a system of 
exquisite and most perfect mechanism. It is the work of one 
Intelligence, and that one Intelligence is infinite. I cannot but 
think that the profoundest knowledge of nature leads, logi- 
cally, to this conclusion. And this is one of the grandest utili- 
ties of science. It raises the human mind to the intelligent 
contemplation of the Deity. 

But this is not alL The ministry of science stops not here. 
I go further and maintain that a profound knowledge of na- 
ture, in her laws and adaptations and vastness, puts us in pos- 
session of the truest and best means of weighing the evidence 
of a divine revelation, and suggests many analogies in its de- 
fence* I shall not hesitate, in this presence, to give uttemnce 
to my own profound conviction that all true science is in har- 
mony with the Bible, rightly interpreted. Any seeming dis- 
crepancy which baffles the resources of ingenuity to reconcile 
is but the varying ripple on the mighty swell of the ocean, 
whose exact form no power of analysis can express, and no 
skill of the pencil sketch. It is but the fleecy cloud which 
dims a little patch of the deep blue sky, or the smallest visible 
spot which can be discerned on the broad, blazing disc of the 
sun, which would not be seen at all but for the splendor of its 
surroundings. 

Science is not uu&iendly to religion. True it is that some 
men, distinguished for science, have appeared to disregard the 
obligations of religion, and others have equally disregarded 
the obligations of morality. But science cannot be held re- 
sponsible, nor ought it to suffer reproach for delinquencies like 
these. Copernicus was a grave and devoted priest of religion, 
giving his enei^ies, first to the cure of souls, then to the min- 
istrations of science. Kepler, it is said, seldom entered upon 
an important investigation without first seeking, by prayer. 
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the wisdom which -is from above. Newton was a devout 
Christian, scarcely less distinguished for his piety than for his 
unrivalled power of mathematical analysis and his rare skill in 
experimental research. Examples like these, of which the an- 
nals of philosophy are richly stored, while they prove nothing in 
respect to religion, may well serve to exonerate science from 
the charge of infidel tendencies. 

I have adverted to this topic for the purpose of glancing at 
the higher ends of science, and specially for the purpose of re- 
lieving the fears of any who may look upon the bold and fear- 
less advance of physical investigations as ominous of evil to 
the interests of religion. We participate in no such fear. We 
wish explicitly to exonerate this Association from all suspicion 
of undermining, or in any manner weakening, the foundations 
of that faith which an apostle says was once delivered to the 
saints. We cannot admit the opinion, that any progress in 
science will ever operate to the disparagement of that devout 
homage which we all owe to Him in whose hand our breath 
is and whose are all our ways. Science, on the contrary, lends 
its sanction and adds the weight of its authority to the sub- 
lime teachings of revelation. Such are its ends, over and be- 
yond its immediate practical utilities, and such are its claims 
upon our service. 

2. We may now say, that combined efforts are necessary to 
its further progress. 

The mathematical sciences grow by a development from 
within ; the physical mainly by accretions from without. To 
the progress of pure analysis it might seem that there was lit- 
tle opportunity for the cooperation of different minds, — that 
one master-spirit must lead the way, and all others must fol- 
low. The cooperation here is not by simultaneous, so much 
as by successive, labors. The ancient geometers laid the foun- 
dation ; the modern have built the superstructure. Each suc- 
cessive laborer has resumed the work where his predecessor 
left it. Each has added his link to the golden chain. And 
yet even here so varied and distinct are the fields of analytical 
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research, that the demand for labor is always fully equal to the 
supply. 

The physical sciences advance by observation, by the ac- 
cumulation of fact, by experimental research and induction. 
Here the simultaneous cooperation of many laborers is often 
indispensable. In the science of Meteorology, for example (if 
in its present state it can properly be called a science), what an 
accumulation of observations must be made, simultaneous, 
widely extended, and long continued, before the work of dis- 
cussion and critical analysis can hope to develop minutely the 
laws of atmospheric change. These changes, however seem- 
ingly capricious, are doubtless as much in accordance with 
fixed laws as the planetary orbits. But whether the compli- 
cated elements which enter into them ever can be grasped and 
reduced to fotm, so as to give to the science that completeness 
which belongs to Astronomy, may well be doubted. That re- 
sults most important to agriculture, to commerce, and to the 
sanitary condition of mankind may be reached, is no longer 
problematical. It may be regarded as one of the certainties 
of future progress. But these results must be based upon the 
comparison and discussion of a wide range of observation. 
Much is to be hoped in this respect from the system of obser- 
vations organized by the Smithsonian Institution in this coun- 
try, in connection with similar organizations in England, France, 
and Germany. The same extended cooperation is required 
for the advancement of Geology, Mineralogy, Terrestrial Mag- 
netism, Botany, Zoology, and indeed of all the departments of 
Natural History. 

What we want, then, and what we aim at, in this Associa- 
tion, is to render the scientific resources of the country availa- 
ble. The cooperative agencies are numberless. Every eye 
that can see, every ear that can hear, every hand that can re- 
cord, and every intellect that can analyze and combine, may 
contribute to the grand result. We invite the widest coopera- 
tion. The wisdom of this body will point out the most pro- 
ductive fields of labor, and, as far as possible, suggest the best 
methods of research. 
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But in order to gather around us, and bring into active co* 
operation the scientific talent of the country, we must work 
with a true devotion to science. By our practical wisdona, 
our friendly criticism, our impartial justice, our magnanimity 
and self-sacrifice, we must show that we deserve the confidence 
of an enlightened public. 

In glancing at the field before us, I must limit my remarks 
to a single department, — that of Astronomy, — to which my 
own attention has been more particularly given. 

It has long been the boast of Astronomy, that it is the oldest 
and most perfect of the sciences. But how can we predicate 
perfection of a science that is in a state of rapid advancement ? 
Astronomy at the present time must be regarded as one of the 
most progressive of the sciences. One or two illustrations of 
its progress will not be out of place, Tycho BrahS was a great 
astronomer. His magnificent observatory has a world wide 
celebrity. And yet it was an observatory without a telescope. 
Compare the pinnules and coarse graduations of his instru- 
ments with the refinements of modern telescopes^ circles, and 
micrometers, and you have an impressive idea of progress. By 
a laborious comparison of Tycho's observations, Kepler arrived 
at the conclusion that the planets revolve in elliptical orbits. 
By the law of gravitation it is now shown that those elliptical 
orbits are subject to perpetual perturbations, and the minute 
changes which they must severally undergo for ages to come 
are pointed out with almost unerring precision. These per- 
turbations themselves become, in the hands of the physical 
astronomer, unequivocal exponents of the condition of the 
system. They open up new vistas into space, through which 
his far-reaching analysis catches the gleams of coming light. 
The discovery of the planet Neptune will ever constitute a 
brilliant epoch in the annals of Astronomy, and place the names 
of Leverrier and Adams in the foremost rank of geometers. 
The planet Uranus was known to be subject to slight irregu- 
larities of motion. Conjecture had for some time assigned the 
cause to be the attraction of an unknown planet. Analysis in 
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the hands of these geometers confirmed the existence of such 
planet, and pointed to its place in the far off depths of ether. 
And on turning the telescope to the spot, behold there it was. 
Such an achievement belongs to the ninteenth century, and 
was scarcely possible at an earlier period. Without accurate 
measurements the irregularities of Uranus could not have been 
detected ; without that analysis, itself one of the noblest mon- 
uments of the human intellect, the place of the unknown 
planet could not have been conjectured. 

As a further illustration, let me refer to the recent labors of 
Hansen in perfecting the Lunar Tables. The irregularities of 
the moon's motions, owing to the perturbation of the sun and 
planets, have been the subject of perplexity and anxious in- 
quiry with astronomers from the time of Hipparchus. No 
tables could be constructed which would assign the moon's 
place with accuracy for any long period. So great was the 
difficulty of the problem that Euler despaired of ever being 
able to reduce the error in the computed place of that body, to 
any very narrow limits. Hansen undertook the reexamination 
of the Lunar Theory, as based upon the best modern observa- 
tions, and particularly upon those of the Greenwich Observa- 
tory. His profound knowledge of the theory of perturbations 
enabled him to detect two inequalities of considerable magni- 
tude, due to the action of Venus ; which being incorporated 
in the tables relieves the subject almost entirely of embarrass- 
ment, and assigns the moon's place for any epoch with all the 
precision required by the present state of the science. 

With these improved tables. Professor Airy has been enabled 
to settle the long contested epochs of several memorable 
ancient eclipses ; as, for instance, those of Thales, and Agath- 
ocles, and that at Larissa ; and has thereby established several 
important points in ancient chronology beyond all reasonable 
doubt. A curious fact connected with one of these eclipses 
shows in what manner the light of science reflected backward 
sometimes illustrates the dark points of history in the remote 
past. I am tempted to refer to it It is stated by Diodorus 

2 



14 ADDBESS OF THE FRESIBENT 

Sicolus that the fleet of Agathocles, the tyrant of Sicily, was 
blockaded in the harbor of Syracuse, by the Carthaginians, 
with whom he was then at war. Shut up within narrow 
limits, and pressed on every side, he resolved on the bold and 
memorable project, then for the first time contemplated in Uie 
history of Carthaginian warfare, of "carrying the war into 
Africa." Under cover of the night, aided by many ingenious 
stratagems, he escaped from the harbor, and sailed for the 
African coast, pursued by the blockading fleet Six days after 
his escape, having eluded the pursuit of the enemy, he landed 
at the "' Quarries," burnt his ships, sacrificed to the gods, and 
commenced a campaign of conquest and slaughter which has 
few parallels in the history of warfare. An interesting account 
of it is given by Grote. On the day after the escape of 
Agathocles from Syracuse, " there was such an edipse of the 
sun," says Diodorus, " that the day wholly put on the appear- 
ance of night, stars being seen everywhere," * History has left 
it uncertain when this memorable event occurred ; and it has 
been made a critical question whether Agathocles passed 
round on the north or on the south side of the island. Sin^ 
gular as it may seem, the astronomical researches of Hansen 
and Airy have shown with more than historic certainty, that 
on the 15th of August, S09 before Christ, at six o'clock and forty 
minutes in the morning, Greenwich mean time, Agathocles 
witnessed a total eclipse of the sun, and must have been on the 
south side of Sicily. 

But in the present advanced state of astronomical science, 
what, it may be asked, remains for astronomers to do ? What 
new and noble achievements invite their toil ? It would not 
be easy, perhaps not possible, to enumerate all the unsolved 
problems of astronomy. Several subjects of great interest 
may, however, be mentioned, which await further investigation. 

(1) The true dimensions of the solar system, however 
much has been done in that direction, are by no means settled 

« Ab quoted by ¥tcL Airy, Phil Trans. Vol LXXI. p. 187. 
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with that exactness which precludes the desire of closer ap- 
proximation. The great primary problem, next to the size of 
the earth, is the distance of the sun. This has been pro- 
nounced by Airy to be the grandest problem in astronomy. I 
will not here detail the methods by which any error in the 
present determination may be eliminated or reduced. I shall 
refer to it again. With any correction in the sun's distance, 
all the planetary distances will take new value; and with these 
corrected distances, it may be necessary to reconstruct the 
tables of all the older planets. Then there are the asteroids, 
now numbering, I think, fifty-five (55). A vast amount of 
labor is necessary to determine their exact orbits. Their mu- 
tual perturbations will demand and receive attention. Nor 
will the possibility of their ever having found a single body, 
broken in pieces by some violent shock of nature, be permitted 
to pass without severe scrutiny ; nor the other possibility of 
two or more of them being, by their mutual attractions, drawn 
together and forming a double planet. The physical constitu- 
tion of the planetary bodies, and especially that of the sun, 
presents questions of great interest, which it would be unphi- 
losophical to despair of being able to solve. The solar spots, 
of which the number has been very large during the present 
season, deserve, it would seem, to be scrutinized with the high- 
est powers of the telescope. The present theories respecting 
them are, by no means, so satisfactory as to preclude further and 
more thorough investigation. Such an inquiry would proba- 
bly determine more exactiy than is now known, the time of 
the sun's rotation on his own axis. Whether it would throw 
any light upon the cause of their greatest and least abundance 
in periods of about eleven years, as discovered by Schwabd, 
time must determine. Do these spots occasion any sensible 
change in the solar radiation, and consequent change in the 
temperature and productions of the earth? Do they exist 
equally in all parts of the equatorial region ? Or are there 
special localities for the development of those immense tor- 
nadoes whose ravages we see in the blackened face of the sun? 
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(2) Leaving our own planetary system, when, let us a^, 
will the department of cometary astronomy be exhausted? 
At any moment, these strange visitors may burst upon us in 
inild or terrific splendor, as the case may chance to be.^ What 
variety of form do they present, what tenuity and what rapid 
and prodigious diffusion of luminous matter, driven off as if 
by the impulse of solar light ? How soon the earth will come 
into collision with some one or more of the millions which 
are supposed to exist, and they swallow us, or we swallow 
them, none can t^ll. It requires evidently a special corps of 
observers, a scientific vanguard, to watch their movements 
and w^ard off. But, gravely, what are the internal forces which 
produce such immense dijSusion of cometary matter in so 
short a time ? Do the portions of the tail driven off many 
millions of miles from the nucleus, ever return to it? Or do 
they remain suspended in mid ether, in a condition to be gath- 
ered up by the next one which sweeps along the sky ? 

(3) Sidereal astronomy is itself a subject of boundless ex- 
tent. With the aid of instruments of great refinement, many 
thousands of stars have been observed and their places deter- 
mined with great precision. But this is not, like the computa- 
tion of a table of logarithms, a work for all time. At no 
very distant epochs the entire sidereal heavens must be reex- 
amined. The stars are said to be fixed^ but reexamination 
shows that very many of them are not fixed. They have mo- 
tions of their own — some greater, some less. What may be 
the result of the comparison of places, accurately determined 
for very distant epochs, we cannot predict. If the catalogue 
of Hipparchus, transmitted to us by Ptolemy, containing up- 
wards of a thousand stars, could have been based upon the 
precise determination of modern instruments, we might now, 
looking upon the exact changes of two thousand years, be able 
to predict the further changes for many thousands of years ta 
come. We might have under our immediate inspection, as in 
the case of the planet Neptune, a small portion of the orbit, 
which would enable us to describe the whole. In that case, 
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to the contemplation of the astronomer, how grand and solemn 
would now be liie order and movement of the starry hosts I 
To temporary inspection they are all fixed ; — to the eye of a 
thotisand years all are in motwn^ — all pursuing their appointed 
orbits to be circled only in millions of years. 

(4) How much is yet to be known of the three thousand 
and upward of double stars already catalogued ! The peri- 
odic times, the positions and forms of the orbits of several, 
have already been proximately determined. In one instance, 
at least, that of Gamma Virginis, we have seen one star 
occulted by the other. It is said that in 1836 no telescope in 
Europe could separate the two stars. They are now quite 
wide apart Continued attention to this class of objects 
will undoubtedly mwaid the inquiry with most interesting 
resultsi 

(5) But what shaJl we say of variable and periodic, of new 
and lost stars? What a boundless field of observation, in- 
quiry, and conjecture, does this subject open before us ! — a field 
searcely yet entered upon, but one which is, no doubt, destined 
to yield the richest harvest to the labors of futmre astronometB* 
What are the physical conditions which determine Algol, in 
the short space of three and a half hours, to change from a 
star of the second, to one of the fourth, magnitude, remain at 
its minimum brightness fifteen minutes, and iiien in three and 
a half hours more return to its former magnitude, and go through 
the same changes continuously in a period of little more than 
two days ? What shall we think of Mira Ceti, which remains 
completely invisible to the naked eye for five months, then in- 
creases for thffee months, when it attains to the brightness of a 
star of the seeond magnitude; retsdning this brightness for 
about two weeks, it again decreases for three months and dis- 
appears as before ? It occupies about eleven nui^nths in pass- 
ing tfcffou^ these changes. A still greater wonder is Eta Aj> 
gus, which changes at irregular intervals from a star of the 
fourth, to one of iiie finst magnikide, second only to Sirius in 
brightness. The whole number of vaziable stars which have 

2* 
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been subjected to a more or less careful examinatioiii is from 
thirty to forty. Hind has remarked that the prevaUing color 
among them is of a reddish hue ; and in several instances, at 
least, during the period of least brightness they are surrounded 
by a hazy or nebulous light. These facts seem to point to 
some common characteristic. They indicate like physical 
conditions. " The whole subject of variable stars," says Her- 
schel, <' is a branch of practical astronomy which has been too 
little followed up, — it holds out a sure promise of rich discov- 
ery." It is also a branch in which amateur astronomers, with 
moderate instrumental means, or even with good eyes alone, 
can labor to advantage. 

(6.) But we have not yet reached the widest field of inquiry. 
With telescopes of good definition and great power of illuml-^ 
nation, the nebulae present objects of interest which are hardly 
second to any others. The results furnished by the great re« 
fleeter of Lord Kosse encourage the hope of most decided pro- 
gress in this branch of astronomy. Whether the nebul® are 
all groups of stars capable of being resolved, or in some casea 
immense division of luminous matter in the slow process of 
condensation, — worlds undergoing a formative process, — -. 
they are alike wonderful to contemplate. 

Such is a mere glance at the unexplored regions of Astron- 
omy. 

It is now time to ask. What may American astronomers be 
justly expected to do in advancing this, the noblest of sciences? 
We may best answer this question by looking at what they 
have done. In adverting to this topic it will be my endeavor 
not to transcend the limits of modesty and truth. I think it 
will appear from the educational and scientific history of 
the country, that scientific investigations, and especially 
astronomical pursuits, have always been held in high esti- 
mation among us. In proof of this I may allude to obser- 
vations made at the last two transits of Venus. It is well 
known that Prof. Winthrop of Harvard College, visited New- 
foundland in 1761, to observe the transit which occurred on 
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the 5th of June of that year. It is not, perhaps, so well known 
that the " Province Sloop " was fitted out at the public expense 
to convey himself and his party to the place of observation. 
Elaborate preparations were made in different parts of the 
country to observe the transit of June 3d, 1769. Private mu- 
nificence in the purchase of suitable instruments, and the 
coSperation of public bodies, bear honorable testimony to the 
enBghtened zeal which animated the friends of science at that 
time. The observations of Rittenhouse and his associates, in 
Philadelphia, of Winthrop in Cambridge, and West in Provi- 
dence, rendered important aid in determining the problem of 
the sun's parallax. 

But while an honorable appreciation of astronomical science 
has been perpetuated among us, strange as it may seem, until 
within a very recent period, we have wanted the instrumental 
means and appliances necessary to prosecute it on independent 
grounds. So recently as 1840 we had done almost nothing in 
the way of astronomical experiments. There were at that 
time in possession of the coast survey, several fine instruments 
for the determination of latitude, for transits and for moon- 
culminations ; and the reports of that department show how 
well they were used. Yale College had an altitude and 
azimuth refractor, by Dolland, of ten feet focal length, and five 
inch object glass. This at the time of its reception in 1830 
was much the largest refractor in the country. Its mounting 
in the tower of one of the college edifices was by no means 
equal to its optical power. Williams College had a Herschel- 
ian reflectx)r of ten feet focal length, equatorially mounted 
and a very good transit instrument. Hudson Observatory, in 
Ohio, had an equatorial refractor of four inches aperture. 
The fine telescope of the Philadelphia Observatory — an equa- 
torial of eight feet focal length and six inch object glass, by 
Merz and Mahler, of Munich — was received in the autumn 
of 1840. Its erection marks an era in the history of our astro- 
nomical instruments. In optical power, and in the fineness of 
its graduations, it was quite superior to any thing which we 
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then had. It was, moreover, the first of the fine German tel- 
escopes imported into the coxmtry. • When I have mentioned 
these instruments I have given a summary of our means of 
astronomical observation at the close of 1840. We had many 
other telescopes, that were useful in observing eclipses, occul-- 
tations, and transits, and which afforded interesting views of 
many of the heavenly bodies, but none with high optical pow- 
ers and accurate graduations, for the exact determination of 
the elements of position. 

What have we done in this departmient within the last 
twenty years ? I will not occupy your time with a history of 
American observatories, which must be famiUar to the most of 
you. Suffice it to say, that we have now several not unwor- 
thy of comparison vnth some of the (dd and work]*renowned 
observatories of Europe. Asl^onomical instruments harve two 
objects in view; the onei is the increase of optical power, 
the other is the exatet determination of position. The one 
class of instruments scrutinizes the celestial bodies, afnd shows 
us whai they are, the other tells us where they are. 

As it respects optical power, we have at least six telescopes 
in use, which are entitled to high rank. The first in size is the 
great Munich Refractor at Harvard University, of twenty-two 
and a half feet focal length and fifteen inch object glass, made 
after the same models as the great refractor of the Russian 
observatory at Pulkova. These two instrunaents stand alone* 
Among refractors they have no equals. The results given by 
the Cambridge instrument in researches upon the nebulsB, upoiv 
the ring of Saturn, in the discovery of the eighth satellite of 
that planet, and upon the nucleus of the brilliant comet of 1858^ 
fully attest its power. The Munich telescope at Ann Arbor, 
has an object glass of thirteen inches aperture. The telescope 
at the observatory of Hamilton College, in the State of New 
York, made by Speneer, has an object ^[ass oi thirteen and a 
half inches, and one at the private observatory of Mr. 
Rutherford, in the city of New York, made by Fitz, has* 
also an object glass of thirteen and a half inches. These 
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three instruments, two of them of American workmanship, 
are reputed to be of excellent quality. They are all equa- 
torially mounted. The refractor of the Cincinnati Observa- 
tory, with a twelve inch object glass, and that of* Washing- 
ton Observatory, with an object glass of nine and six tenths 
inches aperture, have both rendered good service to astron- 
omy, and have acquired a high reputation for excellence. 
They are both &om Munich. The instrument at Washington 
is of the same size as that which was used by Struvd for 
many years, with such signal success, at Dorpat. 

For the coordinates of position, the right ascension and 
declination, we have mounted and in use, six meridian circles 
of the most refined construction, reading off to a single second 
of arc, and with the microscopes attached, descending practi- 
cally to tenths of seconds, while the chronometers give the 
time to intervals much less than the tenths of seconds. These 
circles are at the observatories of Cambridge, Washington, 
Georgetown, West Point, Ann Arbor, and Albany. The laslr 
named instrument, constracted under the special supervision 
of the late director of the Dudley Observatory, Dr. B. A. 
Gould, contains improvements which, it is believed, place it 
second to no other of the kind which has ever been made. It 
will remain a proud monument of the ability and practical 
skill of the director. It is understood that the other instru- 
mental equipments of this observatory will be of the highest 
order. And it is hoped that an institution so nobly conceived 
and so auspiciously commenced, will, notwithstanding the 
adversity which has unhappily befallen it, and checked its 
progress, yet fulfil the distinguished promise of its inaugu- 
ration. 

In addition to these, there are in the possession of collegi- 
ate institutions and in the hands of amateur asironomers, 
I think, not less than twenty instruments, which are ca- 
paUe, under favorable circumstances, of showing the princi- 
pal division in the ring of Saturn, and of opening double stars 
from V to 2" apart Many of these are equatorially mounted. 
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and from time to time will be able to furnish most valuable 
contributions to astronomy. 

It wiU thus be seen, that with our public appreciation of 
science, and the princely munificence of private citizens, we 
have in the short space of twenty years furnished ourselves 
with the means of embarking with advantage upon the most 
refined and difficult branches of practical astronomy. In ad- 
dition to this, we may say, without undue self-esteem, that we 
have many observers among us who have attained to great 
practical skill in observation ; observers who have studied the 
theory of errors in construction and adjustment and observa- 
tion, and have made themselves proficients in the best method 
of detecting and eliminating them. The published proceed- 
ings of this Association bear honorable testimony to the pro- 
found ability with which the most difficult problems of celestial 
mechanics have been discussed before us. The volumes of 
the "Washington and the Cambridge Observatories speak for 
themselves. They show that American observatories may be 
relied upon for the most accurate determinations. The astro- 
nomical expedition to Chili, which had for its object a new 
and independent determination of the solar parallax, reflects 
great credit upon the scientific enterprise and ability of Lieut. 
Gillis. The elaborate computations made by Dr. Gould, give 
for that important element a result extremely near to the re-» 
ceived value as based upon the transit of Venus in 1769. 
And, what is pertinent to our present purpose, the new deter- 
mination (8*. 5) is based alone upon American observations. 

It is understood that the observatories of Cincinnati and 
West Point contain records of high value which have not 
been made public. The astronomical and geodetic labors of 
the United States Coast Survey, including the method of lon- 
gitudes by the electric telegraph, show consummate skill in the 
conduct of difficult researches, and reflect the highest honor 
upon the scientific character of our country. We think it 
may be said with safety, that none of the great geodetic en- 
terprises of modem times, beginning with Heard's, has been 
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more thoroughly accurate than our own. The application of 
the electric telegraph to transit observations, known among 
the astronomers of Europe as " The American Method" — 
because conceived and perfected by American genius — is 
undoubtedly one of the greatest improvements in practical 
astronomy known to the history of the science. It enables 
the observer to do in a given time quadruple the work which 
was possible without it, and with nearly quadruple accuracy. 
The American Nautical Almanac, representing numerically 
the latest and highest improvements in planetary astronomy, 
shows what progress we have made in the difficult art of com- 
puiBtion. I call it a difficult art because in a work of five or 
six hundred pages of ck)sely printed figures, the intention and 
the expectation is that it shall be free from errors. To achieve 
this is a work of the utmost difficulty. It is a record of the 
ability of American computers, and in some respects a record 
of American science. I may extend this last remark to the 
Astronomical Journal, edited by Dr. Gould, which, in the main, 
presents American astronomical science in its most refined, 
practical, and analytic forms. 

In the manufacture of the requisite qualities of glass for 
telescopes and in the construction of instruments of the very 
largest descriptions, we have not yet attained to the excellence 
of our older neighbors on the other side of the Atlantia But 
who shall say that even that is a forbidden field to the genius 
or American artisans? Who shall say that Guinard and 
Frauenbofer will not find their proud rivals in American work- 
shops to share with them the glory of perfecting the noblest 
of instruments, the astronomical telescope? The eminent 
success of Spencer, Fitz, and Clark, in telescopes of large size, 
to say the least, gives us substantial ground to hope that with 
due encouragement on the part of the public, we shall erelong 
in this department be able to meet the severest demands of ad- 
vancing science. 

There is still another and higher department of astronomy 
which, in some directions, forms the solitary basis of further 
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progress. Without it, facts may be observed and acctanu- 
lated, but the remote and hidden laws of which they are ccm- 
sequences and ultimate exponents, can never be reached. I 
refer to that higher mathematical analysis which seizes the act- 
ual conditions of ihe system and demonstrates from them the 
laws which must exist, or which take^ the laws as we now 
have them and demonstrates what must be the condition of 
the system at any time to come. A higher and nobler func- 
tion of the human mind than this we can hardly conceive, be- 
low that of paying its devout homage to the Supreme Archi- 
tect of these countless worlds above us. And here the name 
of Bowditch stands as a proud monument of American sci- 
ence. The profoundest problems of the Mecanique Cdeste 
did not evade his searching scrutiny. But the name of Bow- 
ditch stands not alone. That of the lamented Walker is not 
unworthily associated with it. Other names there are^ which 
delicacy forbids me to mention in this presence. Posterity, 
with even-handed justice and pious care, will assign them aai 
honorable place among the great geometersi of the age. 

I have before alluded to the problem of the sun's distance. 
It is well known that the determination of that important i^^ 
ment rests almost exclusively upon the observations on the 
transit of Venus in 1769. It is also known that the reliable 
observations on that occasion were fewer liian eould have been 
desired, and, strange to say, some which were given to th0 
wodd were of doubtful authenticity. And we may add that 
however valuable the results obtained from observations on 
Mars in opposition, and Venus in conjunction, the next tran- 
sit of Venus in 1874 is regarded as the surest means of veri- 
fying or correcting the previous determination of the sun's 
parallax. The astroncnner royal of England has already 
called the attention of astronomers to this problem, and says 
that it is not too soon to begin the preparation for so import 
tant an event. He looks to the astronomers of the Unitai 
States to take a leading part in the enterprise, and adverts 'to 
the peculiar advantage which will result from connecting 
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together a series of stations covering a great extent of country 
by that wonderful auxiliary to science, the electric telegraph. 

To all the foregoing, I may add that the application of the 
art of photography to astronomy, now regarded as another 
" wonderful auxiliary," is due to American genius. The late 
dixector of the Cambridge Observatory, the lamented Bond, 
was the first to make the application, and show its practical 
importance. That sun-painting art, which delineates so quickly 
and so truthfully the features of the "human face divine," 
delineates with equal facility and equal precision the features 
of the sun, moon, and planets. The relative position of 
double stars and groups of stars is given with an accuracy 
scarcely inferior to the best micrometric measurements. 

Prom the facts which have now been stated, the question 
again recurs, What may justly be expected from American as- 
tronomers in advancing' their chosen science? But the facts 
themselves emphatically answer the question; — and that 
answer is, Much every way* 

The material equipments are at hand, or if not at hand, will 
soon be furnished when solicited by the spirit of devotion and 
earnest progress. True, we have not the princely and govern- 
mental patronage which gives vitality and strength to many 
scientific establishments of Europe. But we have what few 
other countries can boast to the same extent, an enlightened 
public sentiment, a just appreciation of the dignity and impor- 
tance of science, penetrating every portion of our community, 
and commanding not only the wealth of merchant princes, but 
the wages of hardy industry, to achieve the object of scientific 
culture. With a dependence like this, which is elastic, buoy- 
ant, versatile, and which readily adapts itself to the exigencies 
of {pressure and demand, we need not shrink from the noblest 
enterprise. We have skilful observers, we have ready and 
practised computers, we have mathematicians who will be re- 
sponsible for any contributions which analysis can make to 
the common progress. Such, gentlemen, is our position; such 
is the responsibility which rests upon us. 

VOL. XIII. 3 
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It remains for us to aid and encourage each other and show 
what may be done by a generous devotion to a noble cause. It 
may be that some of us will have occasion to profit by the pre- 
cept of the He*brew preacher, " If the iron be blunt and he do 
not whet the edge, then must he put to more strength." With 
the strength of firm resolve and the whetted edge of diligence, 
we may enter with good hopes upon the task before us. Our 
united efforts will surely not be fruitless. 
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PART L — OBJECTS, HISTORY, METHODS. 

CHARACTER AND PRIMARY OBJECTS OP A GEODETIC AND HYDRO- 
GRAPHIC SURVEY. 

To an industrious and enterprising people, zealously en- 
gaged in cultivating the arts of civilized life, and occupying a 
territory bordered to any considerable extent by the ocean, a 
correct acquaintance with the physical features which mark 
their marine boundary is a matter of such moment, that we 
may properly regard it as a kind of economical necessity. To 
such a people, the ocean is the great outlet of production, and 
the highway over which are perpetually flowing back upon 
them the products of other lands. Without an exchange of 
commodities constantly in this manner going forward between 
different and distant nations, it is impossible that the industry 
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of any people should be stimnlated to an effieiency m any 
degree commensarate with its capacities : it is impossible that : 
its inventive genius should be awakened, or its artistic skill de*^ 
ve;loped, or its dormant natural resources evoked from their 
slumber, or, in a word, its powers of production generally 
brought into exercise in so effectual a manner as to promote - 
most successfully and satisfactorily its advancement in the road 
to. national wealth, or its elevation in the scale of national - 
greatness. An isolated nation, with no natural channel for 
th^ efljux of its surplus production, will have little inciten>ent . 
to produce after the demand of its own consumption shall have - 
been satisfied. The arts, moreover, among such a people, un* 
fostered by the encouragement of a vigorous demand, wiU 
make but sluggish progress in the march of improvement, and 
will contribute but feebly to the multiplication of the comforts 
or the elegancies of life, to the growth of aesthetic culture, or 
to the increase of the geoeml wealth* 

It is true that in a territory wide of extent, and possessed of ^ 
diversified resources, industry may find a stimulus in the up<« 
springing of a domestic commerce. But it is not true that 
any activity in the exchange of productions at home can di- 
minish the importance of commerce with foreign nations, or 
render it a matter of trivial moment to any people whether or 
not it shall avail itself of the natural advantages it may possess 
to foster such a commerce. It is accordingly matter of history, 
that every maritime people that has ever, since* the days of the 
Tyrians, made itself conspicuous among the nations for* its in^ 
telligence or enterprise, or has succeeded in securing to itself a 
controlling position in the affairs of the human race, political 
or social, has ever likewise found in foreign commerce one of 
the most prolific sources of its prosperity, and has been accus- 
tomed to keep a vast amount of its wealth constantly afloat 
upon the waters, and exposed to all the hazards which brood 
in the bosom of the deep. 

These hazards can never be totally annihilated. They will 
always be the occasion of a greater or less amount of annual 



PABT I.— ^OBJECTS, BISTORT, XBTtSOOS. 29 

losB. And maritime commerce, considered as one of the 
spitiags of flational wealth, will always be by so much the lees 
productive as the dangers to which it is exposed, and the losses 
to:which it it consequently subject, are greater. Any expedients, 
therefore, by which these dangers and these losses may be di- 
minished ; any improvements, for example, in the construction 
of vessels, or in the art of navigation ; or any additions to 
human knowledge in regard to the laws which govern the 
winds or ihe waves in their seeming caprices, or in regard to 
' the secret dangers which lurk invisibly in the ocean'is depths, 
will inevitably in due time be felt, in the increased returns with 
which they will reward commercial enterprise, and in the stim- 
ulus which they will bring to the growth of commerce itself. 
For it is to be observed, that, in the diminution or annihilation 
of the hazards which attend any speculative adventure of cap- 
ital, a nation is profited not merely through the immunity from 
loss of each individual adventurer, but, beyond that, through 
the encoruragement held out to other capital, unemployed, or 
employed unprofitabiy, to embark in a productive channel. 

The dangers which attend the mariner are various. Some 
of them accompany him everywhere, and are "bapable of being 
reduced or eliminated only by perfecting the science of navi- 
gation itself, by improving the methods of naval architecture, 
and by insuring to practical seamen the highest nautical skill, by 
providing for their thorough training to their duties.- Others, 
however, are local, and arise not out of the want of skill or sci- 
ence in the navigator, or out of the fragility or ill*eonstiuction of 
his vessel, but simply out of his unacquaintance with the natural 
features of the sea-bottom beneath him ; with the currents of 
the surface on which he floats ; with the degree of proximity or 
distanee of reefs, or shoals, or dangerous shore-lines, or with 
the courses which he should follow in order to escape so peril- 
ous a neighborhood. Such local dangers ate for the most part 
found in the vicinity of the land. Upon the high seas, indeed, 
the practised navigator dismisses apprehension ; and though, 
as he leaves his port, he may lay his course with a severely 

3* 
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scrupulous accuracy, and trace his way by buoy or beacon, or 
feel it out with an almost timid caution with the lead, yet 110 
sooner does he see the blue water rolling beneath him, than he 
experiences a sense of security as complete as that which the 
landsman feels in the shelter of his quiet home. As he ap- 
proaches the port of his destination, his anxieties return, and 
his vigilance is once more aroused. At this critical period, 
ignorance or ^rror may bring the most prosperous voyage to a 
sudden and fatal termination. The shores which mark the 
approaches to the most frequented seaports of our continent, 
have been a hundred times strewn with the wreck of v^essels 
dashed in pieces just as the ill-fated voyagers whom they bore 
were congratulating themselves that all their dangers wece 
over. The wealth which has been engulfed, almost within 
sight of a single American port, can only be told by millionsi ; 
and the Uves which have been swallowed up along with it pre- 
sent a melancholy total of many thousands. 

Against the recurrence of disasters so. calamitous, no abso- 
lute security can ever be provided. But it is obvious that 
their liability to occur may be very greatly reduced, by remoV'- 
lAg, so far as hdtman eifTort can remove, the principal cause of 
their occurrence, which is simply want of correct knowledge 
of the natural features of the coast, as they appear exposed to 
view, Guid as they lie concealed beneath the waters. Aocovd- 
ingly the governments of all maritime nations have earnestly 
endeavored, especially in modern times, almost without regaid 
to the question of expense, to secure a faithful and minute de- 
lineation and description of their entire ocean boundary, both 
as to its visible outline and as to the character of the sound- 
ings which lead from it into deep water. For the purpose of 
obtaining this information in the form most severely exact, 
systematic surveys, geodetic and hydrographic, have been insti- 
tuted and sustained for many years, by the principsd commier- 
oial powers of Europe ; the results of their operations having 
been condensed, or being still in process of condensation, into 
the form of elaborate hydrographic maps, or charts, for the 
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guidance of the navigator, and also for the assistance of the 
government itself, in selecting proper sites for the lighthouses, 
buoys or beacons, which are to mark the available channels, 
or to warn against hidden dangers. 8uch a survey of our 
own coast, carried on under the authority of the Federal Gov- 
ernment, has been also for a number of years in progress ; and 
it is in regard to the past history and present condition of this 
great public work that the present committee has been ap- 
pointed to inquire and report. 

It is apparent, from what has been said, that the leading 
object directly proposed in the conduct of the American sur- 
vey, as in that of every other, is to secure the safety of the 
wealth hazarded in commercial enterprises, by reducing to a 
minimum the dangers of navigation. But it may by no 
means hence be justly inferred that the benefits of such a sur- 
vey are limited to peculiar localities, or confined to particular 
classes or portions of the people ; that they accrue, for exam- 
ple, exclusively to the great marts of commerce, or to the indi- 
viduals directly and personally conc^ned in foreign trade. 
To any one who attentively considers the causes which give 
to property its value, it will be manifest that these benefits ex- 
tend to every citizen, no matter in what part of the countary 
he may reside, provided that he has any thing whatever at 
stake in the prosperity of the commonwealth, even though it 
be no more than the labor of his own hands. The cotton- 
grower of Tennessee, and the tobacco-planter of Kentucky, 
whose agricultural products seek a market in the old world, 
are no less positively interested in whatever may diminish the 
dangers of the seas than the merchant who, without producing 
himself, makes it his business to convert their productions for 
tiiem into tiie equivalent values they require. This remark is 
one of great importance. Nothing in these days is more com- 
mon than to hear the three great departments of human indus- 
try — agriculture, manufactures, and commerce — spoken of as 
if they were interests entirely independent of each other, or 
even absolutely antagonistic. Yet, without the productions of 
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agricultoral and mantifactaring industry, oocDmeroe twonld 
haTe no material ; and without the constant, and eonvenienty 
and rapid exdianges ivhich commerce effects, agricoltuve and 
manufactures could have no life. Whatever makes commerce 
eany, or diminishes the cost or the hazard of its operatioiis, 
encourages productive industry in every form, and renders its 
rewards more certain and more abundant For the sake of illusr' 
tration, let for one moment, the efiect, so often illustrated under 
the eyes of the present generation, be considered, of opening ' 
up to public use a new line of communication, by means. of » 
railroad or canal. There are thpusands of farmers in this 
country, who, immediately on the occurrence of euch an 
event, have seen the products: of their labor practically doubled, 
or tripled in value, through ^tfae consequent reduction in oost^ 
trouble and loss of time, experienced in oommnmcatiog with 
markets. There are eiciiaustleBs deposits o£ mineral weaitk dn 
eveiy quarter of the country, whieh fcom being absoiutely val* 
ueless, because unavailable, have becoitie sources of rich in*- 
come to their owners, simply id consequence of the crea^n 
of such artificial cihannels of transportaiion. Now, as the ali* 
ment of commerce, is the surplus produddon of the oountry, it 
is self-evident that, if the ocean were to *become suddenly im*i 
payable, this surplus production would be to the natiou pre- 
cisely what the unsalable produce of the isolated inland farmv 
and the slumbering wealth of the inaccessible mineral dop^r. 
its, are to th^r individual owners. Since it could find no 
efBux, it could bring back no return. And though, were such 
a state of things suddenly to supervene upon the arrangements 
of business as they actually exist, the first ruin would faiL, of 
course, upon the commercial holders of this surplus produc- 
tion ; yet it requires no argument to prove that the permanent . 
suffering must fall ultimately upon those who created this suf^ 
pins — must fall, in short, upon the whole body of producers 
in the country ; and this, too, without any regard to the ques** 
tijon whether or not each has contributed hia distinct share. io 
the visible surplus, or whether only his industry has been em"* 
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ployed and* rewarded by those who have actually done sa 
And any conclusion at which we may legitimately arrive, in 
regard to the cjf&ct upon the national welfare, of an entire ex- 
tinction of foreign commerce, arbitrarily supposed to occur, is 
measurably true also on the supposition that the same com- 
meice is obstructed by impediments which embarrass its oper- 
ations, but fall short of its total extinction. 

Such impediments do actually exist in the natural dangers 
of the ocean border. The sea-coast lies outstretched, a cootin- 
uous, unbroken barrier, obstructing every avenue through which 
it is possible for the surplus production of the country to find 
its efflux or receive its returns; laying the whole industry of 
the natioii, in every department, and throughout the entire ex- 
tent of its territory— in the pioneer settlements of the West 
no. less than in the busiest of the commercial entrepSts of the 
Atlantic seaboard**— under a perpetual and inexorable tax. To 
efl^ct a redaction of this fax is the present business, as it was 
the original design, of the Coast Survey; and the interests of « 
the States which lie most deeply situated in the heart of the 
continent are not less positively involved in the careful execu- 
tion, and in the prosecution to completion of this great ivork, 
than those of any other. 

To such as have never attentively reflected upon this impor- 
tant subject, it may not readily occur in how great a variety of 
modes the knowledge gathered in a property executed survey 
of ijie coast is instrumental in preserving the seaman from the 
disasters to which he is liable. There is no difficulty, indeed, 
in understanding how, if the practicable channds are tmced 
out and marked by buoys, and if the natural landmarks visible 
at a distance are accurately mapped down, with their bearing 
as observed from point to point, and if artificial beacons are 
erected on the headlands, or on the ree& or shoals, a navi- 
gator with the chart before him, may be able, in clear weather 
and by day, to pick his way in safety by the eye alone. There 
is no difficulty in understanding how he may, even on clear 
nights, be sufficiently secure in depending upon the guidance 
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of the beacon-lights of which the survey has fixed the most 
advantageous localities. But it is not in the broad light df 
day, nor yet when the heavens are serene by night, and Hie 
landmarks and beacons are easily discernible, that ocean disas- 
ters occur most frequently, or take the navigator most usually 
by surprise. The moments by far the most perilous, are those 
in which the solitary voyager is, as it were, walled out from 
the world by an impenetrable barrier of mist, limiting the 
range of his vision, in every direction, to a distance often not 
greater than his own vessePs length. 

In such a situation of perplexity, helpless as it may appear, 
the charts of a perfect coast survey furnish a guaranty of 
safety, which, though it exacts of the mariner a more untiring 
vigilance, is yet no less to be relied on than the guidance of 
visible beacons. The cast of the lead informs him of the 
depth of water beneath him, and of the nature of the materials 
which form the bottom encountered by the plummet. A few 
successive casts indicate to him the degree of inclination, and 
the direction of the slope. With these elements to guide his 
judgment, he finds his place upon the chart without diffibttltyy 
and traces the line of his progress step by step. And it is the 
description of information here indicated which is most valiwt* 
ble of all to sailors, since this is the only species which is avail*» 
ble when they are in their greatest peril. Yet it is obvious, 
without argument, that this is a kind of information which caxi 
only be perfectly gathered by patient, persevering, and long** 
(Continued labor ; and which, in consequence of the changes 
continually going forward in the bed of the sea, can only be 
preserved in its accuracy and its value, by fipequent and careful 
1% vision. 

Another mode in which a scrutinizing examination of the 
coast contributes to the safety of navigation is, by the dis- 
covery of sheltered bays or inlets to which vessels may resort 
in stress of weather, and where they may lie in safety till the 
winds and waves recover their tranquillity. Such harbors of 
refuge^ as they have been not unaptly called, have been found 
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to exist in many parts of our extended coast, having been quite 
unknown even to the sailors who frequent most the neighbor- 
ing seas, until the searching operations of the Coast Survey 
had brought them to light. Commerce having failed, for what- 
ever causes, to appropriate these harbors to its uses, whether 
on account of their inconvenient situation in reference to the 
interior of the country, or on account of the wildness oik 
sterility of the surrounding territory, or simply for the reason 
that their capabilities had been overlooked; all the benefits 
which have flowed from theii discovery, all the lives which 
they have rescued from destruction, and all the wealth which 
they have snatched from the jaws of the deep, are undeniably 
to be passed, wholly and entirely, to the credit of this great 
public enterprise. And were it possible to strike a balance 
between the amount of outlay, on the one hand, by which re- 
sults of such value and importance have been accomplished, 
and the anjiount of material wealth on the other, which they 
have redeemed from the waves, it would unquestionably appear 
that the sum total of all the appropriations which have been, 
made from the public treasury for the prosecution of the work 
from the beginning, has been amply more than overpaid by 
the benefits which have crowned some of these, its subordi- 
nate and least conspicuous achievements. 

But though the leading object contemplated in a survey of, 
the coast is to provide for the security of navigation, and thus 
to subserve the interests of commerce and of humanity, still 
there are other important ends incidentally, but at the same, 
time necessarily, promoted, in the conduct of its operations, 
which are too important to be disregarded, and which must be 
taken into account, if we would comprehend the fuU measure 
of the benefits which such a work is capable of conferring 
upon mankind These will be more particularly exhibited in 
the detailed account which will presently be given, of the 
results which have been already brought out, in the prosecution 
of oux own Coast Survey. It is sufficient here to state in brief,, 
that^ they embrace the accurate determination of favorable 
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bases for the institutioii of trigonometrical iiilaad surveyB, which 
may lead to the construction of scientifically exact maps of the 
territory of the several States ; of observations on the phenom- 
ena of terrestrial magnetism, and the laws which govern their 
variations ; of investigations of the difficult problems connec- 
ted with the irregularities of the tides and of the winds ; of 
the exploration of the Gulf Stream and other oceaif currents ; 
of the study of the distribution of submarine deposits by these 
currents, and the formation of such deposits near the points of 
discharge of the numerous rivers which intersect the coast; 
of the examination and settlement of questions relating to 
suspected or probable changes of the relative level of land and 
sea, and other points of the highest interest to geological 
science ; of the determination of the sites ir^ost advantageous 
for the construction of national works of defence, and many 
other matters of economical or scientific interest, less general 
in their character. 



METHODS OP PRACTICE EMPLOYED m THE CONDUCT OF A GEODETIC 

AND HYDROGRAPHIC SURVEY. 

Such being the diversified and valuable ends, for the attain- 
ment of which so numerous and elaborate and extensive hydro- 
graphic surveys have been set on foot in modern times, along 
the coast lines of our own and of foreign countries, it is con- 
sistent with the design of this report to sketch in outline the 
methods of practice which have been employed in the actual 
execution of works so magnificent, so truly national in char- 
acter, so incalculably useful, and so honorable to the govern- 
ments which have undertaken them, and of whose wisdom 
they are among the most splendid and enduring monuments. 
The information here embodied would be unnecessary and out 
of place, were it to be addressed to geometers or physicists 
only: but if the committee rightly interpret the purpose of tiie 
Association in their appointment, it is a part of their duty to 
prepare such an account of the great public work referred to 
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them for review, as may be proper to lay before the reading 
public at large. 

Geodesy. — With the simple processes involved in ordinary 
field surveys, every one may be presumed to be sufficiently 
familiar to enable him on a slight consideration to perceive 
their insufficiency to determine correctly any considerable por- 
tion of the earth's surface, or of any long line of inland or sea- 
coast boundary. And whoever has reached this point will find 
no great difficulty in understanding the general principles on 
which the peculiar methods adapted to such extensive works 
ate founded. In an ordinary survey, the surface of the earth 
is regarded as a plane, and every field is considered to be a 
part of this plane, bounded by horizontal lines. Now as the 
earth is not plane upon its surface, but spherical, it is obvious 
. that there is error even in the smallest survey executed accord- 
ing to the ordinary rules. And it is no less obvious that if 
two fields, side by side, be independently surveyed, the two 
planes supposed to represent them will not be mutually exten- 
sions of each other; but will be slightly inclined to each othar, 
the angle of their inclination being equal to the amount of the 
earth's curvature between their middle points. In the case we 
have just supposed, indeed, this angle would be so very slight 
as to be altogether imperceptible: but should we compare two 
fields separated from each other by the distance of a hundred 
miles, we should find their inclination to be so great, that the 
plane of one of them extended in the direction of the other, 
instead of coinciding with it, as it would do if the earth's gen- 
eral suilhce were itself a plane, would pass above it at a height 
of a mile and a quarter. 

Again, in defining the boundaries of fields, it is necessary 
to refer them to certain fixed lines of direction, certain cardi- 
nal points of the horizon, or, as they are commonly called, 
points of the compass. Now if the earth were a plane, all 
tile lines which we call north and south would be parallel to 
each other; and so far as the limited space comprehended 
witi)in a field or a feirm is concerned, such lines are actually 
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sufHciently near to parallelism for every practical purpose. 
But since the earth is spherical, all such lines, wherever drawn, 
must Intersect each other at last if extended to the poles ; and 
they must consequently be more or less convergent in every 
other latitude. The extensive surveys of the public lands, 
therefore, executed by the government surveyors according to 
the ordinary methods, exhibit but a loose approximation to cor- 
rectness ; and they have only been preserved from intolerable 
inaccuracy, by dividing the territory to be surveyed into zones 
limited by parallels of latitude at moderate distances from 
each other ; and resting each successive zone upon a new 
base. To illustrate, by specification, the magnitude of the 
error involved in this mode of surveying, when pursued over 
long lines or extended surfaces, it may be observed that such 
a survey carried from the shore of the Gulf of Mexico to the 
northern boundary of the State of Mississippi, would be erro- 
neous to the extent of four miles in every hundred. 

But in a survey designed to represent the features of a coast 
with such exactness as to assure safety to the navigator who 
depends on the information it affords him, there must be no 
question of miles or even of fractions of miles of error ; the 
rigorous demand is, that there shall be no sensible error at all. 
And therefore it is that the methods adopted must recognize, 
in the first instance, the fact that the earth is a sphere. And 
all the lines and surfaces involved in the various geometrical 
and trigonometrical operations, must be reduced to conform to 
this fundamental requisition. 

But even this does not represent the entire complication of 
the task. The results which would be obtained by the strict 
application of the processes of spherical geometry and trigo- 
nometry to the globe of the earth considered as perfect in fig- 
ure, though immensely nearer to the truth than any that could 
be reached by plane trigonometry alone, would still fail to ex- 
hibit the points of the earth's surface as nature has presented 
them. For the earth after all is not a perfect sphere ; but is 
larger in equatorial than in polar diameter by about twenty- 
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six miles. It is this deviation from the truly globular shape 
which makes of the earth what is called an oblate spheroid ; 
and this must still be allowed for, before a survey like that 
which we are considering can possess the accuracy that either 
science requires, or the safety of navigation demands. 

To a survey of this kind is applied the terra, sreodetic, Hav- 
ing iodicated the nature of the geometrical principles upon 
which its determinations rest, it may be proper to give a brief 
account of the instrumental methods which are employed in 
the field in gathering the data for these determinations. The 
first step, which is to serve as the basis of all subsequent oper- 
ations is, to measure with extreme accuracy, in a convenient 
and level spot, a base line of several miles in length. And 
when we apeak of accuracy, it is to be observed that the word 
as here used is to be received in a much more severely rigorous 
sense than is the case in its ordinary applications. By the 
methods in practice in the American Coast Survey, a line ten 
miles long may be measured with no greater error than a fmc- 
tion of an inch. 

After this first very delicate but mainly mechanical process 
has been completed, the next thing to be done is to fix upon 
some prominently conspicuous and conveniently distant point, 
visible from both extremities of the base, and forming with 
them, by imaginary aerial lines, a triangle of large dimensions. 
All the angles of this triangle are then very carefully measured 
with instruments of the nicest accuracy ; and from the values 
thus obtained and the known length of the measured base, the 
length of the unknown aerial sides is determined by trigono- 
metrical computation. 

Each of these unknown sides having become now known, 
may in its turn be made the base of a new aerial triangle ; its 
extremities furnishing two of the angular points, and some 
new station still more distant, and falling conveniently in with 
the plan of the survey, supplying the third. Thus, by the con- 
tinued repetition of the process here described, a chain of tri- 
angles is constructed step by step, which follows generally the 
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windings of the coast, but extends also as far inland as may 
be neoessary to obtain for the triangles the dimensions most 
favorable to accuracy. For it need hardly be remarked that, 
if there be minute errors committed in the instrumental parts 
of the woric, as is doubtless unavoidable even when instra- 
ments possess' the extremest deUcacy which art in its highest 
refinements has been able to secure, these, though singly ini- 
peiceptible, may grow by repetition and accumulation, until 
error actually sensible begins to vitiate the results. On this 
account, therefore, it is desirable that the instrumental meas- 
urements should be as few as possible : and accordingly, in 
this principal chain of distances, the triangulation points are 
chosen as far Jfrom each other as the nature of the country will 
admit. It is a consequent necessity that the network of tri<- 
angulation, in order that it rsmy fulfil every important condi-* 
tion, should occupy a band of considerf^ble breadth along the 
coast. Indeed some of the lines which form the sides of these 
aerial triangles, are not less than seventy miles in length ; yet 
it is entirely demonstrable tiiat the accumulated total of qU 
the errors with which they are vitiated, does not exceed a single 
foot 

As a check upon errors of this description, and as a means 
of testing the precision with which the instrumental and nu- 
merical processes have been conducted along an extended line 
of triangulation, new ba^es, called bdses of verification, are 
ocQasionally measured, often some hundreds of miles distant 
from the original base; and the length as trigonometrically 
computed through the whole chain, is compared with that 
which is found by actual measurement. So close has, in many 
instances, been the agreement between results obtained by 
methods so widely different as almost to exceed belief. A base 
of verification measured in France, in connection with the tri- 
angulation carried on through that kingdom for the dt^termina- 
tion of the length of a degree of the meridian, differed less 
than a foot from the value found for the same base, by im- 
putation through a chain of triangles, four hundred miles long. 
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A similar base upwards of seven miles in length, measured on 
Salisbury Plain, in England, showed less than a single inch of 
disagreement with the result deduced by calculation from an 
original base at the distance of one hundred miles. The 
American Survey furnishes an example no less remarkable. A 
base five and a half miles long on an island in Chesapeake 
Bay, as actually measured, and as determined through a trian* 
gulation of more than three hundred miles, presents results 
discordant to the extent of only four inches. 

Next to the triangulation, in the logical order of proceeding, 
but practically simultaneously with it as far as convenience 
will allow, it becomes necessary to determine, with mathe- 
matical precision, the latitude and longitude of the principal 
points of the survey ; and the angles which the lines compos* 
ing the system form with the meridian. This is an essential 
pre-requisite to the subsequent projection of the whole in its 
proper place on the general map of the globular terrestrial sur-^ 
face, of which the several partial maps form a series of de-^ 
tached though successive portions. 

Topography. — The great primary triangulation having been 
established, the members of the system are afterwards subdi- 
vided into smaller triangles, called secondary; and these into 
others smaller still, called tertiary. By means of these, all the 
prominent points along the coast, and the principal features of 
its bays and harbors, are very accurately fixed* These form 
again points of departure, and checks to secure the accuracy 
of the final survey in detail, of the minute configuration of the 
coast-line, and of the characteristics of the land, embraced 
within the limits of the work ; including its superficial irregu- 
larities, its lithological character, the vegetable growth which 
covers it, and all natural objects or artificial constructions 
which are in any manner noteworthy, or which affect its visi- 
ble appearance. These operations are accomplished by a 
species of mathematical drawing conducted in the field, with 
the aid of an instrument called the Plane Table ; and consti- 
tute the topographical portion of the survey. 

4* 
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HYDROGRAPHt. — • All the laborious processes thus far de- 
scribed are confined to the land. Withoat them, the examina- 
tion of the subaqueous irregularities, or the hpdrographic 
surveyj important as is this part oif the work to mariners, could 
not be carried out so as to be of any substantial value. For 
it is the business of this branch of the survey to furnish an 
accurate delineation of the surface which the water conceals ; 
and the positions of the remarkable points of this surface caiH 
not be correctly placed on the chart, nor can the chart enable 
the navigator to recognize them, when he finds himself in their 
neighborhood, unless they are correctly determined in distance 
and direction from the objects visible on shore or above the 
water. The points, therefore, trigonometrically determined on 
the land, are used to fix the positions of sounding vesselS) 
which are employed to ascertain the depth of the water and 
the nature of the bottom,— * the positions selected being so 
much the less distant from each other as the irregularities de* 
tected are greater, the shocds more dangerous, the submarine 
deposits more varied, and the seas under examination mora 
frequented. 

Observations upon the tides and currents, on the variation 
of the compass, and on the effects of winds upon the level of 
the water, furnish the remainder of the data necessary to com- 
plete the information which is to be presented on the chart— 
necessary, in other words, to form a graphic representation, 
which shall exhibit with minute accuracy the latitude and Ion* 
gitude of every remarkable point of the shore-line, and of ev- 
ery promontory, hill, mountain, or other object which, when 
the land is in view, can aid the mariner in- identifying his po* 
sition : which shall show, also, the situations and windings of 
channels ; indicate the localities of hidden rocks and shoals ; 
give the depth of the water, and the character of the bottom, 
everywhere within the limits which can be reached in ordinary 
soundings ; and, finally, famish all the information in relation 
to tides and currents, light-bouses, beacons, fog-bells, buoys and 
sailing lines, which is necessary to render navigation secure* 
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Sach being the objects aimed at, and such the processes em- 
ployed in conducting the difficult work of a coast survey, 
it seems proper, before proceeding to inquire how far these ob- 
jects have been successfully pursued, or these processes skil- 
fully and faithfully applied in the prosecution of the survey of 
our own coast, to review, in brief, the history of similar under- 
takings in other countries. To this topic, therefore, the com- 
mittee propose to direct their next attention. 

ACTION OF OTHER GOVERNMENTS IN REGARD TO SUCH SURVEYS. 

The national importance of works such as we are consider- 
ing has for a long time been fully recognized by the govern- 
ments of Europe. The French, who were the first to apply 
the principle of triangulation to the admeasurement of an arc 
of the meridian, with a view to determine the curvature and 
figure of the earth, were the first also to frame a territorial 
map upon the basis of geodetic surveys. The want of accu- 
racy, however, in some of the elemental proceedings upon 
which this well-known map was founded, and the comparative 
meagreness of its details, gave rise to a scientific organization, 
inaugurated some fifty years ago under the auspices of La 
Place, for the purpose of its review and reconstruction. From 
that time to the present, the new geodetic survey of the king- 
dom, republic and empire has been steadily advancing ; and, 
at the date of this report, about four fifths of the work, era- 
bracing maps of some one hundred and seventy thousand 
square miles, may be regarded as nearly completed. The hy- 
drography of the coast is finished. The cost of these magnifi- 
cent contributions to the political importance and domestic 
interests of France cannot be stated definitely ; for the depart- 
ments to which they have been confided have had other duties 
in diarge ; but the annual expenditure has been estimated at 
a little less than three hundred thousand dollars. The charts 
foo: general use are on a scale of rather more than three quar- 
ters of an inch to the mile ; some of them, intended to direct 
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in the construction of public works, are on a scale four times 
larger. 

The trigonometrical survey of England proper was begun 
in 1791, and will be finished in a few years more. A million 
of pounds sterling has been expended in its prosecution. The 
surveys have been made on a scale of two inches to the mile, 
with the exception of the six northern counties, where the 
scale was increased to six inches to the mile. The published 
charts are on a scale of one inch to the mile, and 108 sheets 
will cover the whole area of England and Wales. 

The surveys of Scotland and Ireland are independent of 
that of England. They were begun later, and have advanced 
more rapidly; but they have been pursued into greater minute- 
ness of detail, and have involved a greater rate of expenditure. 
In one of the documents laid before Parliament a few years 
ago (1851), the surveys of the three kingdoms were estimated 
to require, for completion, the sum of four millions one hun- 
dred and thirty-^three thousand pounds sterling — a sum equal 
to more than twenty millions of dollars. 

The Austrian government has been, for some eighteen 
years, engaged in a survey of its dominions, at an annual cost 
of half a million of dollars. The Russian, the Prussian, the 
Swedish and Norwegian, the Sardinian, the Belgian and the 
Spanish governments — indeed, all the governments of Eu- 
rope, without a noticeable exception-— have actively occupied 
themselves with the topography of their respective territories. 
A summary view of their labors, so far as definitely ascertain- 
able at the latest dates, is exhibited in the following tabular 
arrangement : 
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Territory surreyed. 


Scale of Maps. 


Sheets finished. 


Sheets incomplete. 


England, 


1: 63,310 


100 


8 


France, 




: 80,000 


172 


77 


Belgium, 




; 20,000 


completed. 




Netherlands, 




: 50,000 


12 


50 


Hanoyer, 




:100,000 


62 





West Prassia, 




: 60,000 


59 





East Prussia, 




:100,000 


190 


56 


Upper Prussia, 




:1 50,000 


23 





Hesse, 




: 50,000 


36 





Wartembei^, 




: 50,000 


56 





Baden, 




: 50,000 


56 





Switzerland, 




"100,000 


10 


6 


Bavaria, 




: 50,000 


90 


6 


Tyrol, 




:144,000 


23 





Sardinia, 




: 86,000 


4i 





Parraa and Roman States, 




: 86,000 


8 





lUyria and Styria, 




.144,000 


S7 





Austria, 




: 144,000 


37 





Bohemia, 




: 144,000 


23 


14 


Saxony, 




; 57,000 


14 


3 


Silesia, 




144,000 


23 


35 


Gallicia, 


* 
1 


:1 50,000 


23 






Besides these, which, as the table shows, have produced 
more than eleven hundred sheets of finished map-work, there 
are the completed survey of Greece, and the surveys of Swe- 
den, Denmark, Norway, Spain, and other countries, yet in pro- 
gress. 

In the course of the works, under the guidance of the ablest 
astronomers of their times,— -La Place, Arago, Struve, Bessel, 
Schumacher, Gauss, Carlini, and their compeers,— the entire 
surface of Europe has been traversed, and a series of great 
ar€» has been measured, extending together over nearly forty 
degrees. The chains of triangulation, which were constructed 
in the geodesy of each country, have been connected into one 
harmonious system ; and it is not too much to say, that, in a 
very few years, every town and hamlet, and isolated villa — 
every mountain and hill, and lake and battle field — will have 
its place assigned it, with mathematical precision, upon the 
general map of the European continent. 

The hydrography of the coasts has been the object of equal 
care. Admiral Beechy, in his address before the Royal Geo-, 
graphical Society, in 1856, speaking of the hydrographic sur- 
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veys of the north of Europe, which had been conducted by 
Russia, Prussia, Sweden and Denmark, says : " No fleet ever 
left England so well supplied with charts as the Baltic fleet of 
the last war." 

The survey of the East India Company's possessions, under 
Colonel Lambton and Lieutenant-colonel Everest, is distin- 
guished among the geodetic achievements of the time, no less 
by its magnitude than by the skill and energy with which it 
has been prosecuted. It has measured, by great triangulations, 
a meridian arc of twenty degrees and twenty-one minutes, or 
of about fifteen hundred miles in length. Up to the present 
time, it has delineated four hundred and forty-seven thousand 
square miles of territory, being about one third of the whole 
area of India. 

The hydrographic operations of the Company have em- 
braced a part of the eastern coast of Africa, the Red sea, the 
Persian gulf, the Arabian sea, the Bay of Bengal, and the 
China sea. The charts, one hundred and forty-five in number, 
include the trace of a series of reconnaissances of all the shores, 
from the most eastern cape of Africa to China. 

It would be out of place, in this very general review, to pur- 
sue into greater detail the history of these numerous and ex- 
tensive and interesting foreign works ; or to enumerate specifi- 
cally the various and important benefits which they have been 
the means of bestowing upon mankind. If the committee 
have succeeded in showing that the governments of the civil- 
ized world have generally favored public works of the kind 
under consideration, their object will have been attained. But 
they believe that they have done more than this. They believe 
that enough has been said to make it manifest that all en- 
lightened governments have vied with each other in the liber- 
ality, the zeal, and the perseverance with which they have 
prosecuted their several surveys ; and have displayed, iii the 
spirit which has sustained them, a most laudable ambition to 
secure for their results the severest scientific accuracy. 



PART I. — OBJECTS, HISTORY, METHODS 47 



FIRST ORaANlZATION OF THE COAST SURVEY OF THE UNITED STATES. 

It is believed that the honor of first suggesting a geodetic 
survey of the American coast, is due to the elder Professor 
Patterson, of Philadelphia ; * who, as early as the year 1806, 
availed himself of his intimacy with the President, Mr. Jeffer- 
son, and the gentlemen who formed his cabinet, to impress 
them with the feasibility and policy of the measure. The act 
of Congress of 1807 was passed upon the executive recom- 
mendation. It authorized the President to cause a survey to 
be made of the coasts of the United States ; in which were 
to be designated the islands, shoals, and places of anchorage 
within twenty leagues of the shore, with the courses and dis- 
tances of capes ^nd headlands, and such other matter as might 
be deemed proper for completing an accurate chart of every 
part of the coast It also authorized the survey of St 
George's bank, and any other banks or shoals, and the sound* 
ings and currents beyond the limits aforesaid to the Gulf- 
stream. 

A circular was accordingly issued by Mr. Gallatin, the able 
statesman then at the bead of the Treasury Department, set- 
ting forth a project of a survey, and inviting to it the attention 
of scientific men. In this project, the proposed operations 
were distributed under three heads : — 

1. The ascertaiument, by a series of astronomical opera- 
tions, of the true positions of a few remarkable points on the 
coast 

2. A trigonometrical survey of the coast between these 
points* 

3. A nautical survey of the shoals and soundings of the 

. * The a^ove statement rests on the authority of Judge Kaoe. Since the 
first publication of this report, Gen. J. G. Swift has communicated extracts 
from his diary, from which it appears that Prof. Hassler moved in the matter 
as early as 1806 ; and there appears to be no doubt that he and Br. Patter- 
son united in urging the measure upon the attention of the government 
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poast, of which the trigonometrical survey was to supply the 
basis. 

Among the gentlemen who replied to the secretary's circu- 
lar, was the late Mr. F. R. Hassler. This gentleman had, 
previously to this time, been engaged in the triangulation 
of the Swiss canton of Berne ; and he proposed to place at 
the service of our government the ability and experience 
which he had acquired in the school of practice, for the execu- 
tion of the American survey. 

Mr. Hassler was accordingly appointed ; and in the year 
1811 he visited Europe for the purpose of obtaining the in- 
struments necessary for his operations, all of which had to be 
^ecially constructed ; but owing to the disturbed state of the 
continent, and the subsequent war between England and the 
United States, his efforts to obtain them were for a long time 
baffled. He did not return to the United States until the year 
1816 ; and it was not until some time in the year following 
that a commencement of the work was at length made in the 
bay and harbor of New York. But the work had been hardly 
begun, before it was suspended in consequence of the failure 
of Congress to provide funds for its continuance ; and in 1818 
the law under which the superintendent had been appointed, 
was repealed. 

From 1819 till 1832 attempts were from time to time made 
to survey portions of the coast under the direction of the Navy 
Department. Detached surveys of rivers and harbors were 
made ; and hydrographic reconnaissances of the coast of some 
of the States ; but no general or connected survey of the coast 
was attempted, nor did the detached surveys yield fruit which, 
taken as a whole, could be considered creditable to the navy 
or to the country. The Hon, S. L. Southard, Secretary of the 
Navy in 1828, in a reply to resolutions of inquiry from the 
Committee on Naval Affairs, in the House of Representatives, 
characterized the charts produced by those surveys as expen- 
sive and unsafe, pointed out the inefficiency of such a desul- 
tory plan of operations, and recommended a recurrence to the 
law of 1807. 
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On the repeated representations of Mr. Sonthard and othersi 
the project of a geodetic survey of the coast conciliated again 
the favor of Congress in 1832. A small appropriation was 
then made for carrying out tbe law of 1807, and the President 
was authorized to employ in the conduct of the work, such 
astronomers and other persons as he should judge proper, in 
addition to officers in the land and naval service. From this 
time the operations of the Coast Survey passed anew under 
the charge of Mr. Hassler ; and he continued to direct them 
till his death, which occurred in the year 1843. 

In reviewing the history of this early period, it is proper to 
remember that " the first years were necessarily years of organ* 
ization and instruction. The superintendent had to systema* 
tize methods, to train up assistants, to eanse the work to grow 
from a small beginning, until it comprehended the various op- 
erations of a geodetic survey upon the land, and included the 
hydrography of the adjacent waters. When the results accu- 
mulated, it was necessary to provide for their computation 
and reduction; and also for the preparation of maps and 
diarts upon a plan suited to our extended coast, and for the 
engraving of the maps themselves. All these things were new 
in this country. The amoimt of knowledge, skill, and labor 
required to overcome these and other difficulties was hardly 
appnedated. The results show how large an amount of work 
had been done, and how the work was extending beneficially 
at the time of Mr. Hassler's death." 

The condition of the work as Mr. Hassler left it, wiQ be 
made inteUigible by the following brief statement. A base 
line had been measured on the south side of Long Island, in 
the vicinity of New York, the commercial importance of 
which obviously indicated it as the proper point of beginning. 
The triangulation had extended eastward to Rhode Island, 
and southward to the head of Chesapeake bay ; the primary 
triangulation crossing the neck of New Jersey and Delaware, 
while a secondary triangulation skirted tiie coast of New Jer- 
sey, meeting and inosculating with another series which ex- 
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tended down Delaware bay. The topography had kept pace 
with the triangulation ; and the hydrography of New York 
bay and harbor, of Long Inland sound, of Delaware bay and 
river, and the off-shore work, from Montauk Point to the capes 
of the Delaware, were nearly completed. 

A reference to the table of statistics in the second part of 
this report will show that the triangulation covered an area of 
9,000 square miles, furnishing determinations of nearly 1,200 
stations, for the delineation of 1,600 miles of shore-line ; that 
168 topographical maps had been surveyed, and 142 hydro- 
graphic charts. The work of publication had been organ- 
ized, and five large charts were engraved, very nearly ready 
for publication. 

The progress thus sketched, although really very considera- 
ble, and highly creditable to the late superintendent, was 
still felt to be inadequate to the pressing demands of com- 
merce, and clamors arose in Congress against the administra- 
tion of the survey, ascribing the slow progress to an unneces- 
sary refinement in the processes employed, and claiming the 
results to be inadequate to the expenditure. An investigation 
was accordingly instituted in 1842, by a congressional com- 
mittee, which, after a severe and unfriendly scrutiny, practi- 
cally resulted in a complete indorsement of the principles 
on which the survey had been conducted by Mr. Hassler. A 
proviso was attached to the Appropriation Bill in 1843, direct- 
ing that the survey be thereafter executed according to a plan 
of reorganization to be prepared by a board of officers, consist- 
ing of the (late) superintendent, his two principal assistants, 
the two naval officers in charge of the hydrographic partieS) 
and four officers of the corps of topographical engineers. 

The plan adopted by tiiis board in 1843, and invested with 
tihe force of law by the preceding legislation, reaffirms the sc»- 
•entific methods proposed by Mr. Hassler as the basis of ti&e 
work, and provides for the organization of its operations. 
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EXPAKSION AKD MODIFICATIONS OF THE COAST SURVEY UNDER THE 

PRESENT SUPERINTENDENT. 

In consequence of the death of Mr. Hassler, which occurred 
soon afterwards, the responsibility of amplifying and carrying 
into effect the provisions of the adopted plan devolved mainly 
apon his successor, the present superintendent, Alexandeb 
Dallas Bache. The appointment of this gentleman was a 
concession to the universally expressed scientific judgment of 
the country. It is within the personal knowledge of some 
members of this committee, that our colleges, learned socie* 
ties, and men of science, united in one strenuous call upon the 
executive, to withdraw Professor Bache from the field of more 
limited usefulness in which be wsls already distinguished, and 
to secure to the entire nation the benefit of his great talents 
and his services. And it is matter of just pride to them, that 
their elevated estimate of his merits has been so abundantly 
vindicated by the brilliancy of his official career. 

Up to this time, it will be observed, the survey had been 
confined entirely to the Atlantic coast, and to the limited por- 
tion of that coast embraced between Narragansett bay and 
Cape Henlopen. No sooner had the new superintendent 
been able to form some just estimate of the magnitude of the 
work in hand, and of the great length of time which it must 
require for its completion, at its actual rate of progress, and 
with the existing provision for its prosecution, than he urgently 
recommended the adoption of a more comprehensive system, 
according to which the work should be commenced, and car- 
ried on independently, in many places at once ; each section 
employing its own base, and making its own geographical de- 
terminations; but all designed to form, when completed, a sin- 
gle continuous and unbroken chain of triangulation extending 
from one end of the coast to the other. At that time Texas 
had not been annexed, and the western coast was not in the 
possession of the United States. The proposition of Pro- 
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fe&s6or Bache, reduced to a specific form, was to divide the 
entire coast of the Atlautic and the Gulf of Mexico, into eight 
distinct sections,* embracing as nearly as could be estimated, 
the same length of shore-line in each; and to commence the 
work in as many of these simultaneously, as Congress could 
be induced to provide for. 

This recommendation was made at the close of the year 
1844, and was immediately approved. Accordingly, in the 
course of the following year, the superintendent, besides ex- 
tending the line of Mr. Hassler at both ends, commenced 
active operations on the coast of Virginia and North Carolina 
upon the Atlantic, and upon the coast of Alabama and Missis- 
sippi in the Gulf of Mexico. Two years later the work had 
been extended to the States of South Carolina, Georgia, Lou- 
isiana, and Texas ; and two years later still the important sur^ 
vey of the reefs and keys of Florida was commenced. 

On the annexation of California, the Pacific coast was im^ 
mediately included in the plan of operations ; and such was 
the vigor with which the work was pushed forward in every 
quarter, that Mr. Corwin, then Secretary of the Treasury, in a 
report communicated to the senate in 1851, was enabled to 
show, that a twofold increase of appropriations to the work 
had produced an increase in the amount of performance, and 
in the aggregate of the results obtained, more than threefoldj 
And he traced this economy to the division of labor which an 
increased scale permits, and to the vigorous prosecution, of the 
work at the South and at the North at the same time, whereby 
the same persons can avail themselves of the best season for 
operating in the field in each region. The secretary, at the 
same time, advised strongly against the reduction of the ap- 
propriations, or the diminution of the force employed on the 
survey ; maintaining that such retrenchments could be mado 
only at a large economical sacrifice. 

* Since the acquisitioTi of Texas and the extenmon of the vrtxck to the Far* 
cific coast, the number of sections has been increased to eleven. 
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With this brief statement of the general administtative 
principles, according to which the present superintendent has 
aimed to conduct the operations of the important work con^ 
fided to him, the committee proceed to consider, in more spe- 
cific detail, some of the particular methods pursued in its exe- 
cution, with special notice of those in which an advance has 
been made upon methods heretofore used in this or similar 
works, passing afterwards to a review of the results obtained 
up to the present time. 

DETAILS OF COAST SURVEY OPERATIONS UP TO 1858. 

Under this head, the committee desire to acknowledge their 
obligations to the obliging assistants in the office of the Coast 
Survey at Washington, for information courteously rendered 
in regard to such matters of history and methods of practice 
as are not fully embraced in the published reports, and to 
which the personal knowledge of the members of the com- 
mittee could not be presumed to extend. 

Measurements op Bases. — There have been measured in 
all, up to the date of the present report, nine principal base- 
lines, two of which are now connected by a primary triangula- 
tion. These two are the Fire Island base, on the south side of 
liong Island, and the Kent Island base, in Chesapeake bay. 
Both of these, and also a third one in Massachusetts, were 
measured with the apparatus designed by Mr. Hassler, and 
fully described by him in the Transactions of the American 
Philosophical Society, Vol. IV. ; the measurements being made 
with iron bars, and by optical contact. Four bars, each two 
metres in length, were clamped together endwise, forming a 
combined length of eight metres, and placed in a wooden box 
suitably stiffened, the ends of the bars projecting a little be- 
yond the box. A powerful microscope, mounted on a suitable 
stand, was adjusted so as to bring its cross-wires to coincide 
with the forward extremity of the bars, which was defined by 
the dividing line formed by an abutting piece clamped againsj; 

5* 
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it. The box was then carried forward and adjusted in posi- 
tion so as to bring the rear end under the same microsoope.; 
another was adjusted over the forward end, and the measure- 
ment continued in this way. The temperature of the baTS. 
was ascertained, as nearly as may be done by such means, by 
thermometers placed in contact with the bars. It will be ob- 
served that the correction for temperature is a very BensiWe 
quantity in a long line ; supposing the temperature at which 
the standard has its determinate length to be 32*' Fahr., as is 
the case with the metre, and the measurement to have been 
nrade at an average temperature of 72°, the nominal length of 
^ line of 10 miles would be 4L5 metres, or nearly 15 feet less 
than the true length expressed in the standard measure. It is 
highly itnportant, therefore, that the temperature of the bars 
during the measurement should be accurately ascertained, oi 
else, that the expansion should be cof^pemated, as in the case 
of a compensation-peodulam. A mercurial thermometer of 
ordinary form will follow changes of temperature far more 
quickly than an iron bar of some thickness, owing to the great 
specific heat of the latter; while the temperature is rising th^ 
thermometer wiU show a higher, and while it is falling a lower 
tempemture than the iron bar will have acquired at the same 
time, and the measurement is liable to errors arising from this 
source, unless the errors in both directions are accidentally bal- 
anced in the aggregate. 

To obviate this source of error. Professor Bache designed 
an apparatus, which was constructed in the office of the Coast 
Survey, under his direction, and with which the subseque&t 
bases have been measured. In this apparatus the measuring 
bars are arranged upon the plan of compensation for the effects 
of temperature, which was first used by Colonel Colby in 
Oreat Britain, and afterwards in this country by Mr. Borden, 
in the Trigonometrical Survey of the State of Massachufle;fet»; 
but the mode of obtaining the compensation is entirely differ- 
ent. A principle is also introduced, which, though of suffi- 
ciently obvious importance when once suggested, had not been 
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previously recognized ; or had not, at least, been previously 
applied in practice. It is matter of observation that if a bar 
of brass and a bar of iron of equal dimensions be exposed to 
the same source of heat, they will not always undergo equal 
changes of temperature in equal time ; but that, after a short 
interval, a difference will be found to exist, the amount of 
which will depend on the diflferent conducting properties of the 
two metals, their different specific heats, and the different pow- 
ers of absorption possessed by their surfaces. Accordingly, 
two such bars, if of equal cross-sections, will not form a sys- 
tem compensating during progressive changes of temperature, 
however perfectly the compensation may be ultimately effected, 
when the temperature shall have become stationary, and uni- 
form throughout the system. In order, therefore, that a com- 
bination of such bars may answer the purpose aimed at, their 
sections must be so proportioned to their conducting power 
and specific heat, that their fluctuations of temperature under 
different exposures may go on at precisely the same rates. As 
to the absorbing power of their surfaces, that is easily made 
identical, by giving to both bars the same external coating. 

The lever of contact and level, first used in the adjustment 
of standard measures by Bbssel, has been adapted to this ap- 
paratus, the contact between two sets of bars being made by 
a blunt knife-edge against a plane, both of agate. Those who 
desire to study this beautiful and delicate arrangement are re- 
ferred to the Coast Survey Report for 1854, where it is de- 
scribed and figured. The mechanical arrangements by means 
of which the bars are adjusted in line, height, and inclination, 
are also worthy of admiration ; and such is the rapidity with 
which the apparatus can be used, that on favorable ground a 
mile has repeatedly been measured in a single working day of 
ten hours. It is so arranged that the measurement may be 
made at inclinations up to 3^ with the same facility and accu- 
racy as on level ground. 

The accuracy of its results has been practically tested by re- 
peated measurements of the same distance, from which it ap^ 



56 KEPORT ON THE COAST SURVET. 

pears that the probable error in measuring a mile is about 
two hundreths of an inch. This base apparatus was designed 
in 1845, and first used in 1847, on Dauphine Island, on the 
coast of Alabama. Since then base-lines have been measured 
with it in North and South Carolina, in Florida, and in Maine. 
All these measurements have been conducted by the superin- 
tendent in person, aided by some of his assistants. The aver*' 
age length of the primary base-lines measured thus far is about 
six miles. 

Many laborious and delicate experiments were requisite to- 
perfect the adjustments of the apparatus. Before and after thfe 
measurement of each base-line, the length of both sets of bars, 
which is six metres, or nearly twenty /eet, is carefully com- 
pared with a standard bar of iron. The rate of expansion of 
this standard has been ascertained by experiment, and it8 
length at S2^ Fahr. has been verified by means of six single 
metres abutting endwise, each of which has been compared' 
with an authentic standard metre — one of those originally- 
made by the French committee on weights and measures. 
The possession of this valuable standard, which was brought 
to this country by Mr. Hassler, and by him presented to the 
American Philosophical Society, was one of the chief reasons 
for using the metre as the unit of length in the Coast Sarvey,^ 
especially in the absence of any legally established standard of 

ir 

the country. The length of the English yard, which is atit 
customary unit of length, has but recently been definitively set- 
tled in Great Britain ; and the fact that the dimensions of the 
earth have hitherto been best known in metres,* makes the 
latter measure one of great convenience in geodetic operations. 
The distances in the survey are, of course, also given in yards, 
and miles, for common use. 

The comparisons of length are made by means of Saxton'fi^ 
pyrometer, an instrument of great simplicity, and affording tlie 

* Or rather in terms of the toise, of which the metre is a certain aliquot 
part 
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highest degree of accuracy. A small mirror, movable about 
a vertical axis, reflects into the field of a telescope, placed at 
a distance of 20 feet, the divisions of a long curved scale fixed 
directly under the telescope ; by means of a small abutting 
piece attached to the mirror, any difference in length to be 
measured causes [a corresponding rotation of the mirror, by 
which different scale-divisions appear on the wires in the tele- 
scope, and a greatly magnified indication is thus obtained by 
an index equal in length to twice the distance of the mirror 
from the scale. The quantity to be measured is thu& readily 
magnified two thousand times, without any loss from inertia 
and flexure, which would be unavoidable in obtaining a simi- 
lar result by means of mechanical levers. 

The necessity for the greatest attainable accuracy in such 
operations is apparent when we remember, that an error in 
the base-line will affect the whole distance depending upon it 
by triangulation, in the same ratio : thus, if the base-line were 
in error by but its ten-thousandth part, a distance of one hun- 
dred miles depending on it would be in error, from that source 
alone, by one hundredth of a mile, or fifty-three feet. 

The Fire Island base, on the south side of Long Island, and 
the Kent Island base, in Chesapeake bay, are connected by a 
primary triangulation. These are the bases alluded to in a 
former part of this report, where it is mentioned that the Kent 
Island base has served to verify the other. This Kent Island 
base is five miles and four tenths long, and the original Fire 
Island base is eight miles and seven tenths. The shortest dis- 
tance between them is two hundred and eight miles ; but the 
distance through the triangulation is three hundred and 
twenty. The number of intervening triangles is thirty-two ; 
yet the computed and measured lengths of the Kent Island 
base exhibit a discrepancy no greater than four inches. 

On some portions of the coast, where the pressing wants of 
commerce made it desirable to commence the work in advance 
of the regular primary triangulation, local surveys have been 
executed based on preliminary base-lines, which were measured 



68 REFOBT ON THE COAST 8UBVET. 

with wooden or iron bare, and some simple auxiUary appajra- 
tus, generally devised by the assistants having immediate 
charge of the work. Some of these contrivances have been 
described in the annual reports of the saperintendent, and 
will be found very useful to persons wishing to execute local 
surveys with some degree of accuracy. See particularly C. S. 
Report, 1857. All such preliminary measurements will in tim^ 
be superseded by measurements with the compensating appa^ 
ratus above described. 

Measurement op Angles.— In measuring the angles of the 
primary triangulation, theodolites of various sizes and con- 
struction are employed. The largest instrument of this class 
belonging to the Coast Survey, has a circle of thirty inches in 
diameter, graduated to five minutes, and reading to single 
seconds of arc on three micrometer-microscopes ; it is provided 
with a telescope of great power, which is partly supported by 
springs within the upright columns, so as to relieve the bear- 
ings in a great degree from friction. The weight of the whole 
upper or movable portion is in great part supported by friction 
rollers and taken off from the vertical axis, in order to secure 
the latter against wear and to obtain a very free motion about 
the axis. This instrumlent was designed by Mr. Hassler, and 
constjucted by Troughton & Simms, of London. It is used 
by the superintendent in the execution of the primary trian- 
gulation of the north-eastern part of the coast, where the 
country presents considerable natural elevations and adniits of 
long lines of sight, ranging from twenty to eighty miles in 
length. The accuracy of pointing and reading attained with 
this instrument is such, that, notwithstanding the varying con- 
dition of the atmosphere, the probable error of a single meas«^ 
ure of an angle is about one second and a quarter, which in 
the mean of thirty such measures, the usual number taken, is 
reduced to about one-fourth of a second. The observations 
are made under all conditions of visibility of signals, varying 
from a well-defined and steady image, to a nearly obliterate^}, 
trembling blur. For ^aoh observation, the appearance of the 
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signol observed has been carefully noted ; and the means have 
been thus obtained for a discussion of the results with refer- 
ence to the conditions of vision. The results arrived at justify 
the conclusion that the mean of observations taken in various 
states of the atmosphere, is probably preferable to the mean 
of such as have been obtained under circumstances apparently 
the most favorable ; there being in the former case less of cor- 
rection required to fulfil the geometrical conditions of the 
work ; while a given limit of probable error can generally be 
reached by that method, in much less time than by the other. 
This result may be readily accounted for, by supposing that, 
under the conditions which appear most favorable to accuracy 
of observation along a line of condderable extent, there may 
regularly occur a slight lateral deflection, which, in the mean 
of observations taken under different conditions of the atmos- 
phere, is sensibly eliminated. 

A theodolite nearly similar in construction to the one above 
described, but having only twenty*four inches diameter of 
circle, is likewise used in the primary triangulation. Besides 
these, repeating theodolites with circles varying from twelve to 
six inches are employed in the different classes of triangulation. 
On the Atlantic coast south of New York, and on the shores 
of the Gulf of Mexico, where the country presents no consid- 
erable eminences, and is in general densely wooded, the instru- 
ments frequently require to be elevated on wooden structures, 
in order to overcome the curvature of the earth, and to get 
above the most heated stratum of air. These structures, which 
range from twenty-five to fifty feet in height, have been con- 
structed on various plans by the assistants of Professor Bache, 
and have proved amply steady for measurements with the re- 
peating instruments. 

The signals generally employed to mark station-points are 
straight poles, supported by a tripod, and surmounted by a 
cone or bell-shaped cap of bright tin, on which the reflection 
of the sun shows a luminous spot to the observer. On the 
loj3ig lines of the primary triangulation, however, heliotropes 
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are used in addition to the signaKpoIes. The heliotrope, in- 
vented by Ganss, is an instrument in which a mirror of a few 
square inches' surface is so mounted in connection with a tele- 
scope, that the reflection of the sun may be thrown to any de- 
sired direction. It is very effective, and it is not unusual to 
observe on heliotropes on the summit of mountains 80 or 90 
miles distant, when the outlines of the mountains are invisible 
through the hazy atmosphere. 

The number of observations taken for the different classes 
of trlangalation is so apportioned to the quality of the instru- 
ments used, and to the agreement of the individual observa- 
tions among themselves, that the error of the sum of the an- 
gles in a primary triangle will riot exceed three seconds, or 
nine seconds in a triangle of the seeond order. These limits 
of error, however, are seldom reached in fact. The average 
correction required for an observed angle in the eastern section^ 
where the stations are natural elevations and the sides average 
over forty miles in length, is about four tenths of a second. In 
the southern sections it is rather larger. 

Observations of Latitude. — In order to fix the situation 
of the whole network of triangles on the surface of the earil], 
it would suffice, if the figure of the earth were precisely 
known, to determine the latitude and longitude of some one 
point, and the direction with reference to the true meridian of 
one of the lines — iu other words, its azimuth. But owing to 
the irregularities of this figure, it is found necessary to repeat 
these determinations very frequently, by which means tibe 
work is checked, and any accumulation of error avoided, while 
at the same time the figure of that portion of the earth cov- 
ered by the survey is accurately ascertained. Observations of 
latitude are made at numerous stations of the primary trian- 
gulation. Different methods and different instruments have 
been employed, and the results have been carefully discussed 
in order to determine which are best and most available. A 
two foot vertical circle, and several twelve-inch repeating 
reflecting circles, by Troughton & Simms; and also six-inch 
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and ten*inch repeating theodolites by Gambey, were tried suc- 
cessively, but the results were found to be liable to considera- 
ble instrumental errors, and the degree of their accuracy 
proved to be insufficient to repay the labor which had been be- 
stowed upon them. Finding a larger class of instruments to 
be indispensable, Mr. Bache had recourse to the prime vertical 
transit, the zenith telescope or equal altitude instrument, and 
the zenith sector ; each provided with a telescope of forty-five 
inches focal length. 

The method of determining latitude by observations of tran- 
sits of stars over the prime vertical, first used by Bessel, is ad- 
mimble in theory, but in practice a great loss of time and 
labor IB often occasioned by clouds, which interfere with ob- 
taining corresponding sets of eastern and western transits; 
and for operations in the field this method is fomid to present 
fewer advantages than others. 

The zenith telescope^ or equal altitude instrument, was first 
applied to the determination of latitude by Capt A. Talcott, 
late an officer in the United States army; and it has been 
remodelled and specially adapted to the purpose in the Coast 
Survey, where it has become the favorite instrument on ac- 
cotmt of the great number and accuracy of the results that 
can be obtained in a given time, and the facility with which 
it is used. It is employed in determining latitudes by measur- 
ing, with an attached micrometer, the differences of zenith dis- 
tance of stars culminating within a short time of each other, 
at nearly the same altitude, on opposite sides of the zenith. 
From the star catalogue of the British Association may be 
selected any desirable number of pairs of stars having the re- 
quired relative positions. If, after bringing the micrometer 
wire of the telescope to a star at its meridian passage south of 
the zenith, and revolving the instTument about its vertical axis, 
the telescope remaining at a fixed inclination, we find that a 
star culminating north of the zenith passes precisely on tiie 
same wire, we infer that the zenith is exactly midway between 
the two stars, and oonsequentiy that its distance from the ce- 

YOL. xiu. 6 



62 BEPOBT ON THE COAST SURYBT. 

lestial equator, or the latitude of the place, is equal to the 
mean or half sum of the declinations of the two stars observed. 
If, furthermore, the second star does not pass precisely on the 
wire, but still in the field of the telescope, we are able to meas* 
ure the difference of zenith distance by means of the microm- 
eter, and correct by half that amount the half sum of the dec- 
linations. By means of a delicate level attached to the instru- 
ment we keep account of its deviation from the true vertical. 
The whole observation thus consists of pointing and reading 
the micrometer, and noting the level, in each position of the 
instrument. 

This method possesses also the great advantage that the 
result is nearly free from the effects of refraction, which enters 
only so far as the difference of zenith distance is affected by 
it : the correction for refraction never exceeds a quarter of a 
second. 

The observations with the zenith telescope being considera- 
bly more accurate than the positions of the stars in the Brit- 
ish Association's catalogue, it has been preferred rather to 
increase the number of pairs employed, than to multiply ob* 
servations on the same' pairs. In practice, from twenty-five to 
forty pairs of stars are observed, at a station ; with from four 
to six observations on each pair, on different nights. The 
probable error of a single observation with the zenith telescopes 
used in the Coast Survey is from three to five tenths of a sec- 
ond ; while the probable error of the catalogue places consid- 
erably exceeds one second. The Greenwich observations, and 
other recent catalogues, frequently supply better places than 
the larger catalogue just referred to ; and thus contribute to 
improve the result. 

Prof. Bache has at various times communicated to the 
American Association notes on the use of the instrument in 
question, and at the Baltimore meeting read a paper showing 
the remarkable result that when at a given s(^tion the same 
stars are observed by the same observers with different zeniHi 
telescopes, and by different observers with the same instru- 
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ment, results almost identical were obtained ; setting at rest 
the question of any residual personal or instrumental errors. 
It may safely be predicted that this simple and effective instru- 
ment is destined to supersede all others for the determination 
of latitudes in the field. 

The zenith sector of the Coast Survey is constructed on the 
plan designed by Mr. Airy, the Astronomer Royal of England, 
and is similar to the one recently used in the British Ord- 
nance Survey, but possesses some improvements in the details 
suggested by the use of the latter. It is an admirable instru- 
ment, perfect in design, and in point of accuracy compares 
well with a zenith telescope of equal power ; but its ponder- 
ousness and the greater labor attendant on its use make it less 
eligible for observation in the field* Its capabilities, however, 
are much greater than those of the zenith telescope, inasmuch 
as it measures absolute zenith distances. It has been used 
with great success at six of the principal stations of the sur- 
vey, and will be found described and figured in one of the 
forthcoming volumes of the Coast Survey Records and Re- 
sults. 

Irbeoularitibs of THE Eabth's Figure. — When the lati- 
tudes observed at different stations are referred to one another, 
by means of geodetic diflerences of latitude, there are discov- 
ered certain discrepancies, much larger than could result from 
the probable residual errors of observation •— discrepancies^ 
therefore, which can only be ascribed to local irregularities in 
the figure and density of the earth, and which have been called 
station errors. They are similar to those which are caused by 
the proximity of mountains; but they occur where the external 
configuration of the earth's crust would not indicate the prob- 
ability of their existence. Prof. Bache recognized this source 
of error as early as the year 1844 ; and as a consequence, he 
determined to carry a continuous series of astronomical sta- 
tions through the primary triangulation, in order to arrive as 
nearly as possible at the true figure of the portion of the 
earth's surliace on which he was engaged. 
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The elements of the figure of the earth used in these com- 
parisons are those obtained by Bessel in his last discassion of 
the results of ten measures of arcs. It is an interesting fact^ 
which it is here in place to mention, that the observed differ* 
ence of latitude of the extremities of the arc at present com* 
prehended under the connected triangulation of the American 
Coast Survey, agrees very closely with the geodetic difference 
as computed from Bessel's elements. This arc extends from 
Maine to Maryland, over about five degrees of latitude and 
six and a half of longitude ; in intermediate portions of its 
length, the deviation from the mean ellipsoid reaches three 
seconds of arc and over. The laws whicb govern these irreg- 
ularities are still the subject of investigation. In the eastern 
portion of the survey, where the earth's crust has been mor^ 
disturbed, the average amount of station error is between one 
and two seconds of arc ; but it amounts to only about half a 
second in the sections south of the Delaware, where the dihi- 
viura rests apparently undisturbed. 

Observations of Azimuth. — Observations of azimuth are 
made at all the latitude stations. The instruments used are 
the same as those employed in the measurement of the angles 
in the primary triangulation. The meridian is determined by- 
observations made on the pole-star or other close circumpolar 
stars, principally when the object is near its greatest elonga- 
tions. The motion of the star in azimuth at these points of 
its revolution being almost imperceptible, the result will be 
practically independent of the time. Moreover, if observations 
be taken within forty-five minutes on either side of the elon- 
gation, they can be reduced to that position by a most simple 
formula. The pole-star, however, even at its culminations, 
moves so slowly in azimuth, that the liability to error in point- 
ing is found to be no greater at those periods than at the elon- 
gations; and Mr. Bache has finally pursued sometimes the 
plan of observing the star at equal intervals on both sides of 
the meridian before and after the culmination. When this 
method is employed, the reduction is simplified into a mere 
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taking of means : and it may here be noticed, that in these as 
in all analogous processes, it has been the aim of the superin- 
tendent so to arrange the methods of observing, as to diminish 
as far as practicable the labor and liability to error of the com- 
putations. The azimuths are liable to irregularities similar to 
those which have been described as affecting the latitudes: 
and a comparison of azimuths observed at different stations, 
extreme and intermediate, has manifested the existence of sta- 
tion errors among them, which can only, like the former, be 
referred to local variations of level. 

Observations op Time and Longitudb. — Observations of 
local time are made in connection with those of latitude and 
azimuth ; the instruments employed being generally portable 
transit instruments of from twenty-six to forty-eight inches 
focal length, constructed by Simms of London and Wurde- 
mann of Washington. For time-keepers, chronometers by 
the best makers are used, except for telegraphic determinations 
of longitude, when astronomical clocks are employed. 

In the plan of reorganization of the survey, in 1843, it was 
^^ urged, and deemed essentially necessary, that the difference 
of longitude between some main points of the survey, and the 
meridian of any or aU of the European observatories be ascer- 
tained immediately." In order to carry into effect this impor- 
tant injunction, Prof. Bache has availed himself of every 
means which science could afford. All the observations ob- 
tainable of eclipses, occultations and moon culminations 
made in this country previously to 1844, together with the 
simultaneous observations made abroad, so far as they could 
be found, have been collected and reduced ; and similar obser- 
vations have since been continued at Cambridge, Philadelphia, 
Washington, Charleston, and Cincinnati. All these stations 
being connected by the electric telegraph, their differences of 
longitude have been determined with great accuracy ; and all 
the results are referred to Cambridge as a common station of 
reference. 

The difference of longitude between Cambridge and Liver- 

6* 
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pool has also been determined by means of large numbers of 
chronometers carried repeatedly between the two stations on 
the Canard steamships. These chronometric expeditions, in 
the words of Mr. W. C. Bond, director of the Harvard Uni- 
versity Observatory, " for the magnitude and completeness of 
their equipments, have not been equalled by any of the sitni- 
lar undertakings of European governments. Even the * Ex- 
pedition chronometrique' of Struve was on a scale much less 
extensive." The voyages were continued through a number 
of successive years. The first great special expedition took 
place in 1849, and the most recent in 1855. In the latter the 
effect of temperature on the rate of the chronometers formed 
a subject of special investigation. For each instrument the 
effect of temperature on its rate was ascertained by experi- 
ment, and the average temperature during each trip was kept 
account of by means of a thermometric cWonometer, con- 
structed like the others, but with undivided balance, so that its 
daily rate was affected by six seconds for a change in temper* 
ature of 1° Fahr. Fifty-two chronometers were employed in 
this expedition, and were transported six times between Cam- 
bridge and Liverpool ; giving nearly 300 individual longitude 
determinations, with a probable error of the mean result of 
two-tenths of a second of time. Yet this result differs by 
more than a second of time from that of the expeditions of 
preceding years, giving 4^ 44"^ 31". 8 for the longitude between 
Greenwich and Cambridge, while the former expeditions had 
given 30'*.6. The results by the astronomical methods also 
differ, eclipses and occultations giving 29^5, and moon-culmi- 
nations 28*. 5. The results by the latter method are doubtless 
liable to large constant errors. Indeed, each method appears 
to be affected by sources of constant error which no accamu^ 
lation of results will eliminate, and a greater approach to the 
truth must be sought by multiplying methods as far as practi- 
cable. 

It is to be hoped that a submarine telegraph will ere long 
afford another, and perhaps very accurate, method of verifying 
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these results, and determining the longitude within the nar- 
rowest limits of error. 

The differences of longitude between Cambridge and the 
principal stations of the survey in other sections are deter- 
mined by the aid of the electric telegraph, wherever this has 
been established. In this method, which is by far the most 
accurate for determining differences of longitude, the Coast 
Survey has taken the lead, and has brought it to a great state 
of perfection, which subsequent operations of a similar nature 
executed in Europe have not yet reached. The idea of com- 
paring the local time of different places by means of the elec- 
tric telegraph is sufficiently obvious, and dates from the con- 
ception of the telegraph itself; but the refined methods by 
which the intervention of human senses and operations, and 
the consequent liabilities to error, are, in the greatest possible 
degree, avoided, and by which the time of transmission is 
measured and eliminated from the longitude, have been the 
result of careful study and long experience. The method of 
recording observations of time on a chronographic register, by 
means of a galvanic circuity known in Europe as the American 
method^ originated in the Coast Survey with the first attempts 
to determine longitude by means of the electro-magnetic tele- 
gmph. The chronographic record is made on a cylinder, re- 
volving with nearly uniform velocity, covered with a sheet of 
paper, upon which a pen traces a line, interrupted or deflected* 
for an instant, through the agency of an electro-magnet, every 
time the pendulum of the clock passes the vertical, and, in do- 
ing so, interrupts a galvanic circuit Either cylinder or pen 
is at the same time slowly moving lengthwise; so that the 
line formed is a long spiral, which is thus graduated into 
spaces corresponding to seconds of time, and described with 
uniform velocity. When any instant of time is to be recorded, 
the observer strikes a finger key, which also breaks the gal- 
vanic circuit, and causes a similar mark to be made on the 
record; the position. of which, in reference to the adjacent 
deoonds marks, can be read off with great precision. In the 
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chronographs employed in the Coast Survey, a second is gen- 
erally represented by from one half to three quarters of an 
inch, the cylinder being regulated so as to make one revolu- 
tion in half a minute. By an ingenious arrangement in the 
clock, the break for every sixty seconds or minute is omitted, 
and every five minutes two breaks are omitted. By this 
means, a whole sheet may be read off without any other note 
than the time of beginning and ending. 

The method of determining longitudes by means of the 
eiectric telegraph is substantially, and in brief, as follows: — A 
transit instrument, astronomical clock, and chronograph, is 
mounted at each station. After suitable observations for in- 
strumental corrections at each station, which are recorded only 
at the place of observation, the clock at the eastern station is 
first put in connection with the circuit, so as to write on the 
chronographs at both stations. A number of stars, culminat- 
ing near the zenith of the two stations, are selected by the ob- 
servers. As they appear first upon the eastern meridian, their 
transit is recorded upon the chronographic registers at both 
stations by the observer striking the finger key. After an in- 
terval of time equivalent to the difference of longitude between 
the two places, which is measured by the clock, the same stars 
appear on the western meridian, and the observer at that sta- 
tion records this transit precisely as the other had done ; and 
• the difference of the two records of time is the measure of the 
difference of longitude. 

• It will be observed that these records have been obtained at 
both stations ; and a little reflection will show that if there be 
any sensible interval of time consumed in the transmission of 
the signals, the difference of longitude obtained from the rec- 
ord at the eastern station will be too great by that interval, 
and that at the western station will be too small by the same 
amount. The mean result will give the longitude free from this 
error, and the difference will measure the time of transmission 
of the signals through the whole circuit. 

Ten stars are generally exchanged with the eastern clock in 
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the circuit, and, after the first five, the transit instmment is 
reversed, so as to eliminate any residual error in the correction 
for collimation. The western clock is next put on, and the 
same operation repeated 'C^ith ten other zenith stars. Not only 
is the result improved by the accumulation of individual re- 
sults, but the advantage is gained, that the interval is meas- 
ured by another clock, and the time of transmission eliminated 
in the inverse order of effects. The transits of the stars are 
generally recorded over fifteen wires. After the exchange of 
signals by the second clock is completed, local observations 
for instrumental corrections are again made, which conclude 
the night's work. These operations are repeated on at least 
three different nights; after which the observers and instru- 
ments exchange places, so as to eliminate the possible errors 
arising from causes connected with their individual peculiar- 
ities. 

By the perfect and admirable method just sketched, we are 
able to measure arcs of longitude with the same degree of ac- 
curacy with which arcs of latitude have heretofore been ascer- 
tained ; and a new element has thus been introduced into Gre- 
odesy. Since the general introduction of the electric telegraph 
and the development of the American method of longitudes, 
it has been applied to many of the older European geodetic 
surveys ; and in general a very full acknowledgment has been 
made of their indebtedness to American science by the emi- 
nent geometers having charge of such works, with the single 
exception of M. Le Verrier, who, in his report to the Acad- 
emy of Sciences, has made use of the earlier methods of the 
Coast Survey, since abandoned for others more perfect, with- 
out any mention of their origin. It was one of the earliest 
discoveries resulting from the telegraphic determinations of 
longitude, that the time of transmission of signals betw^een 
stations several hundred miles apart is quite sensible, and that 
it appears in a great degree to depend on the distance. On 
the telegraph lines used in this country, where large iron wire 
is employed, and the circuit is completed through the earth. 
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the rate of transmission has been found to be from 11,000 to 
20,000 miles per second. Whether this actually was the ve-. 
locity of the galvanic current, or whether it rather measures 
the time during which the current must be established in order 
to produce the effects that we observe, is, for the present, an 
unsolved question. 

The telegraphic determinations of longitude have been ex- 
tended from Washington northward to Philadelphia, Nefw 
York, Cambridge, Bangor, and Halifax, and southward to 
Petersburg, Wilmington, Charleston, Savannah, Mobile, and 
New Orleans. 

Great credit is due to the public spirit of the telegraph com- 
panies, who have extended every facility to the operations of 
the Coast Survey, and have given the use of the line, after the 
working hours, free of charge. 

In sections of the coast to which the telegraph has not yet 
penetrated, such as Florida, Texas, and the Pacific Coast, the 
longitudes of cardinal points are determined by observations 
of moon culminations, and by chronometers. Corresponding 
observations of moon culminations are made at several Amer- 
ican observatories, at the expense of the Coast Survey ; and 
most valuable aid is derived from the series of meridian obser- 
vations of the moon made at Greenwich, which are always 
most promptly obtained through the kindness of the Astrono- 
mer Royal. The manner in which the reductions are made to 
keep pace with the observations at the latter observatory is 
admirable, and worthy of general imitation* 

The chronometric determination of longitude between Sa- 
vannah, and Fernandina, in Florida, the details of wfaicl\ 
were communicated to the American Association at th^ Mon- 
treal meeting, may serve in plan of execution and mode of 4ia«. 
cussion, as a model for operations of a similar character. 

Obsbrvatigi^s on the Magnetic Elements. — Observations 
of magnetic declination, dip, and intensity are made at all 
points where it is desirable for purposes of navigation. :tba|t 
the declination should be known ; and also at many station^f 
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of the primary triangulation, generally those where astronom- 
ical observations are likewise made. 

The instruments employed are similar to those used in the 
British magnetic surveys ; being declinometers and horizontal 
force magnetometers on the plans of Gauss and Webber, 
Lloyd and Lament, by Jones, of London ; and dip circles by 
Barrow and Gambey, provided with Lloyd needles for total 
intensity. In this manner are obtained not only the variations 
of the compass required for the charts, but important contri- 
butions also to our knowledge of the earth's magnetism, 
which have already borne fruit in the construction of a mag« 
netic chart for the United States. This subject, one of great 
scientific importance, will be found referred to more at length 
in the second part of this report. 

Determinations of Level. — The heights of the trigono- 
metrical stations above the level of the sea are determined, 
generally, by observations of reciprocal zenith distances, which 
observations are frequently checked by direct levellings from 
the ocean. Interesting comparisons are in progress between 
the results obtained, and those which are furnished by baro- 
metric and thermometric measurements. 

Planb-Tablb Topography. — The topographical survey is 
executed with the plane-table. The outlines of the shore, the 
irregularities of the surface, the forms and dimensions of hills, 
forests, streams, rocks, meadows, towns, and villages, are all 
represented by certain conventional modes of drawing. The 
topographical maps are generally surveyed on a scale of Tuhsjf 
of the natural dimensions. In localities where a great amount 
of detail is to be represented, such as large cities and their vi- 
cinity, a scale of ^^^ is employed, while on flat and thinly set- 
tled ranges of the coast a scale of r^sivv is used. The extent 
of ground represented upon a single topographical sheet de- 
pends upon the scale; on a scale of xTytTrirj OJ^ about 6 inches 
to the mUe, a square foot of the drawing represents about 4 
square miles of the surface of the earth. The size of the 
sheets is generally 30 inches by 48. 



72 BEPOBT ON THE COAST SURYEY. 

On the sheets drawn in the field, the irregularities of the 
surface, — the hills and depressions, — are indicated by curves, 
or contour lineSj representing the intersections, with the natural 
surface, of a system of horizontal planes, one above another, 
at equal distances apart, measured vertically. In the reduced 
drawings for the engraved charts, the spaces between these 
horizontal lines are filled up with hachures^ the darkness of the 
shade being made proportional to the steepness of the slope, 
according to a system somewhat modified from that of LA- 
mann. Scales of shades have been printed, showing the dis- 
tance between the hachures and the strength of stroke adapted 
to different scales of the maps. The absence, in general, of 
very abrupt slopes, and the frequency of gentle ones, rendered 
necessary the modification of the Lehmann system. The to- 
pographical survey is carried as far inland as is required for 
purposes of navigation, and for the defence of the coast. 

The Hydrographic Survey. — Next in order, and based 
upon the positions furnished by the triangulation and topo- 
graphical survey, comes the hydrography. This department 
of the survey supplies the results which are of most universal 
interest to the public, and of which the practical utility is 
most easy to be understood. By a thorough system of hydro- 
graphic survey, the configuration of the bottom of the ocean 
is mapped out, new channels are discovered, hidden dangers 
are detected, the situations of rocks and shoals which were 
but imperfectly known are determined with accuracy, the pe- 
culiarities of the tides and of the direction and velocity of 
tidal currents are made apparent, and the most suitable posi- 
tions are determined for the planting of buoys and the erec- 
tion of beacons and light-houses. 

Sounding's are taken with such frequency as to exhibit accu- 
rately the variations of depth of water; the number of casts 
of the lead depending on the degree of irregularity of the bot- 
tom, or its greater or less declivity. The casts are determined 
in position relatively to the trigonometrical stations, generally 
by means of angles measured with the sextant at the place of 
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sounding, and sometimes by the use of two theodolites on 
shore. In soundings off the coastj'^and in cases where extreme 
accuracy of position is necessary, as in the determination 
of sunken rocks, the latter is the method preferred. The posi- 
tion of the sounding vessel is not, in practice, determined at 
every sounding, but at every sixth or tenth, according to fre- 
quency ; and the intermediate soundings, being taken at equal 
intervals of time, are laid down at equal intervals between the 
positions determined by angles. 

The soundings extend from the shore, and from the head of 
tide-water generally, as far seaward as the exigencies of navi- 
gation require. One of their principal uses being to assist the 
mariner in determining his position, it is desirable that the 
record should exhibit not merely the depth, but the character also 
of the bottom. The sounding leads are, accordingly, provided 
with an apparatus designed to bring up along with it a portion 
of the sedimentary material which it encounters ; and speci- 
mens of the varieties of this material from different localities 
are preserved among the collections of the Coast Survey, and 
the respective characteristics of the bottom are indicated on 
the charts. 

Microscopic examinations of many of these specimens have 
shown them to be crowded with organisms, of which the 
number and the genera vary with the depth ; and hence it is 
not impossible that science may discover, in the laws govern- 
ing the distribution of microscopic forms in the bottom of the 
ocean, an additional means of assisting the mariner to deter- 
mine his position at sea. 

Various improvements in the apparatus for bringing up 
these specimens of the bottom have been introduced in the 
course of the survey, invented by naval officers while prose- 
cuting these researches: among them may be mentioned Stell- 
wagen's attachment to the lead, — a metallic cup, with a circu- 
lar leather valve, closed by the pressure of the water in being 
drawn up, — a contrivance in common use, and answering 
very well the purpose intended, in moderate depths. For 

VOL. XIII. 7 
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greater depths, Craven's specimen-box, with a metallic hinged 
valve or lid, and Sand's specimen box, with a sliding valve 
closed by the action of a spiral spring, are used with success. 
For soundings exceeding 100 fathoms in depth, Massey's self- 
registering sounding machine is used in connection with the 
ead and line, with several improvements suggested by its use. 
The hydrographic sheets are drstwn on scales varying from 
nhv to 7^^1717, the more usual scales being those of rrrkjsir ^^^ 

Observations on the Tides. — In order to reduce all the 
soundings to the depth at mean low-water, the level of which 
is assumed for the plane of reference, observations of the tides 
of sufficiently long duration for this purpose are made by the 
hydrographic parties as part of the programme of their work. 
These are in connection with the system of more long-contin- 
ued observations made at selected points of the coast, where 
tidal registers have been kept up with great attention and per* 
severance, for the purpose of ascertaining, upon the basis of 
extensive observation, the complicated laws governing the 
tides in the different seas which wash our shores. The obser- 
vations have been made half-hourly, at a number of stations, 
for various periods of from one to three years. At intermedi- 
ate stations, half-hourly observations during two lunations are 
found to be sufficient to determine the constants. 

A self-registering tide-gauge is much used, by which a con- 
tinuous curve representing the successive changes in the height 
of water is traced on paper moved by clock-work, by a pencil 
actuated by the rising and falling of a float in a vertical box, 
to which the tide has free access. The superintendent en- 
gages personally in the discussion of this most interesting 
subject; and he has made several communications to the Asso- 
ciation to whom this committee owe their appointment, on 
the nature of these researches, and the results attained, which 
are to be found among the published transactions. 

This subject is the more important from the fact that the 
tides of the Atlantic, the Pacific, and the Mexican Gulf coasts 
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of the United States present three distinct types. The diur- 
nal tide, which is moderately ferge on the Atlantic coast, 
and produces a diurnal inequality in height and time which is 
perceptible without being excessive, is very great on the Pa- 
cific ; and in the Gulf of Mexico its predominance is so de- 
cided that the serai-diurnal tide is almost obliterated. 

In addition to these investigations, which relate to the gen- 
eral phenomena of the tides, careful observations are made 
upon the direction and velocity of the currents which the tides 
produce. The information thus obtained is of no less impor- 
tance to the mariner, than a knowledge of the amount of rise 
and fall of the water. It is accordingly embodied in the 
charts, along with those other matters of varied information 
which have been enumerated as essential to the safety of nav- 
igation ; and thus constitutes the final contribution to that 
fund of positive knowledge of the sea and its bed, of its 
changes and the laws that govern them, on. which the com- 
merce of the country so largely depends for its safety. 

Exploration os the Gulp Streajm. — A hydrographic sur- 
vey of our coast would be incomplete, if it did not embrace 
the investigation of the remarkable ocean current which di- 
vides the waters adjacent to our Atla'ntic coast from the wide 
ocean beyond. The importance of the exploration of this 
stream is recognized in the original law of 1807, which ex- 
tended the scope of the survey so as to embrace it. On assum- 
ing charge of the work. Prof. Bache at once organized a sys- 
tem of observations for the purpose of determining its limits 
and principal characteristics. 

Previously to that time, casual observations of the stream 
had been made by private and public vessels of England and 
America, the results of which were collected by Major James 
Kennell, F. E. S., and published in his work on the currents 
of the Atlantic ocean. These observations were confined to 
the surface, and gave only vague results. 

The method of exploration adopted by Professor Bache was, 
to determine the limits of the stream by the temperature of 



76 KEPOBT ON THE COAST flXJKTET. 

its waters at all depths, by means of deep sea thermometers, 
along lines perpendicular to its several directions. This work 
was commenced in 1845, and has been continued up to the 
present time. Sixteen sections have been run across the 
stream at different points of the coast, along which the tem- 
perature of the water at various depths has been determined, 
and also sections of the bottom, wherever it has been found 
possible to obtain soundings. 

For these explorations thermometers are required specially 
adapted to the purpose. Ordinary thermometers would indeed 
suffice for observing the temperature of the surface, but in 
order to obtain that which prevails at some depth, it is neces- 
sary that they should be self-registering, and able to withstand 
the crushing pressure of the water. They must be of simple 
construction, not liable to derangement by ordinary shocks, 
nor affected in their indications by the enormous pressure to 
which they are exposed; they must readily acquire the temper- 
ature of the water, .which should have free access to all parts, 
and they must therefore be made of materials not liable to 
corrosion by salt water. After many experiments on a vari- 
ety of instruments, as Rutherford's, Six's, Breguet's, and Jur^ 
gensen's, the metallic sfelf-registering thermometers invented 
by Saxton, the assistant of Prof. Bache in the office of weights 
and measures, was found best to fulfil the above conditions, 
and it has superseded all others in use. The statistical table 
shows that over 3,400 casts have been made and registered for 
depth and temperature of the Gulf stream. The results ar- 
rived at from the discussion of these observations will find 
mention in the second part of this report. 

The work is still in active progress ; and it is much to be 
desired that the exploration eastward from the American side 
of the northern part of the stream, should be met by a corre- 
sponding exploration from the shores of Great Britain west- 
ward, which would complete our knowledge of the Gulf 
stream, throughout its whole extent from the shores of Florida 
to those of Ireland. 
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Opbrations on the Pacific. — Within the past few years the 
Pacific coast of the United States has suddenly attained an 
extraordinary commercial importance. This coast had previ- 
ously been but little visited, its population was scanty, and its 
geography was almost wholly unexplored. In the absence of 
any charts worthy of confidence, the navigators of the border- 
ing ocean were subject to the greatest inconvenience and ex- 
posed to the greatest dangers. In this state of things, the sud- 
den starting into existence in that distant portion of our terri- 
tory, of a great and wealthy state, almost wholly dependent 
upon the sea for its communications with the rest of the civil- 
ized world, created a pressing demand for the prompt extension 
into that remote region, of a work so indispensable to the pros- 
perity of a community thus completely isolated, as the sur- 
vey of the coast This demand was met by the superintend- 
ent, with an energy not the less honorable that it is eminently 
characteristic. Perceiving at a glance all the urgency of the 
case, he set on foot a rapid examination of the coast in its en- 
tire extent ; aiming to secure at once the results most practi- 
cally important, by determining the geographical positions of 
the principal headlands, executing the most important lines of 
sounding, and exploring the entrances* to harbors of commerce 
and of refuge. It was a concession to necessity, to substitute 
methods approximately correct, for those refined and severely 
accurate processes of which the details have been given above; 
and to allow reconnaissance for a time to take the place of ex- 
act survey. By proceeding in accordance with these princi- 
ples, it was found practicable to furnish to the world the infor- 
mation of most indispensable importance in relation to the 
Pacific coast, in a surprisingly short space of time. This field 
has proved of all the most prolific of discovery. Every step 
has brought to light some important geographical fact un- 
known before; but to attempt a recapitulation of examples, 
would be almost to rehearse the whole progress of the work. 
The table of published charts in the second part of this report 
bears witness to the success which has attended these efforts, 

7* 
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notwithstanding the great difficulties encountered fiom want 
of facilities and exorbitant prices. 

Office- Work and Publication of Charts. — The results 
of the field-work are prepared for pubUcation at the office of 
the Coast Survey, in Washington City. The reductions of 
geodetic and astronomical observations are, in the first in- 
stance, made by the observers themselves ; but a second com- 
putation is independently made in the computing division of 
the office by persons having no connection with the field- 
work. Strict scrutiny of the observations, and perfect security 
against errors of computation, are thus insured ; the two eom«- 
putations being examined and compared by an experienced 
person, who refers whatever discrepancies may appear to exist 
to the superintendent 

Of the formulaB and methods employed in the computation, 
not even a sketch can be given in a general review like the 
present. It will be sufficient to state that in this, the purely 
mathematical part of the operations, as marked improvements 
have been made as in any other branch of the work. The 
processes are highly systematized, and partake of the highest 
refinements of modern science, as is evidenced by the sys- 
tematic application of the method of least squares in the dis- 
cussion and adjustment of results. 

The construction of the maps and charts for pubUcation 
commences in the dravnng division of the Coast Survey 
office. 

The projections of the meridians and parallels are made ac- 
cording to the system of polyconic development of the earth's 
surface, of which special accounts, with accompanying tables, 
may be found in the C. S. reports for 1853 and '56. On these 
projections, the positions of the triangulation points are kid 
down according to their latitudes and longitudes, obtained by 
the geodetic operations. On the sheets covered by the topo- 
graphical and hydrographic surveys, the triangulation points 
are likewise laid down, with reference to similar projection 
lines, and the reductions to the scales of publication are thus 
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made with extreme accuracy by indefinitely projecting the con- 
trolling points of the survey, and drawing in the details by 
means of small squares, or by the pantograph. The camera 
lucida has sometimes been employed, but is found too trying 
to the eyes of draughtsmen. It may be mentioned here that 
experiments are in progress having in view the application of 
photography to the reduction of the maps, and that there is 
good reason to hope for successful results. 

The maps and charts emanating from the Coast Survey are 
divided into two general classes — viz. : preliminary or provis- 
ional charts and sketches, issued with as much expedition, af- 
ter the individual surveys, as is consistent with accuracy of 
general portraiture, and designed to supply the more immedi- 
ate and pressing demands of commerce; and the finished 
charts proper, which must embody all the information furnished 
by the survey, even of the minutest detail, and which ought at 
the same time to be executed in the style of the highest exist- 
ing artistic excellence. 

The charts are various in character, according to the imme- 
diate objects which they are designed to subserve. Thus, one 
description of chart has for its use to convey to the navigator 
a just notion of an extended coast line, and of the relative po- 
sitions of objects most conspicuous at a distance, so as to 
enable him to identify his position as he approaches from the 
open sea. Another gives him the minuter information which 
he needs when the purposes of his voyage bring him for any 
reason closer in-shore. They are, therefore, classified under 
the three heads of general coast charts^ coast charts^ and charts 
of harbors^ anchorages^ Sfc, 

The general coast (or ofF-shore) charts^ on the scale of ^t^tjVttttj 
represent the shore-line of the coast and its general topograph- 
ical features, so as to be readily recognized by the navigator 
approaching it. Omitting minute details, they show at a 
glance the contour of the shore, the location of the islands, 
shoals, and rocks which the navigator may encounter in ap- 
proaching the main land, the soundings off-shore, selected in- 
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shore soundingS) and finally the principal natural and artificial 
landmarks. 

The const (or in-shore) charts, on the scale of ^^Jw, and the 
harbor charts, on various scales, from zihxf to ^t^iiy^, present 
with minute accuracy every natural feature or other object 
above or beneath the water which can be introduced without 
producing confusion or indistinctness. In these charts, the 
hydrography is so elaborately displayed as to indicate, by the 
shades of depth, the fathom lines and the soundings, the safe 
route for a vessel of any given draught, and, as a necessary 
consequence, to exhibit, at sight, the principal channels by 
which every important place may be approached. The lines 
of range of natural landmarks, or of lights and beacons, the 
appearances of different light^houses and the characters of their 
lights, with all other indications by which channels are signal- 
ized to the mariner, are also everywhere given in the fullest 
manner. They further contain sailing directions designee} to 
furnish information in entering harbors, graphic views of im- 
portant landmarks, and sketches of the position and character- 
istics of light-houses, beacons, and buoys -^ such as may serve 
to assure the navigator of his true position, whenever any of 
these objects are in sight. The topography of the shore and 
of the land for some distance from the shore is furthermore 
minutely given, for various reasons, some of which have been 
hinted at, and of which others will be alluded to hereafter. 

Of the general coast charts {^j5Ty(sxsx!)j i* is estimated that the 
Atlantic and Gulf coasts will be covered by sixteen sheets. 

The scheme of coast charts (^triTFTj)? planned for these por- 
tions of the coast, embraces one hundred and thirteen sheets. 

The Pacific coast is as yet too little known in its minute 
features to afford a basis for a definite estimate. 

Besides these finished charts, which, from theix nature, re- 
quire a lengthened period for the collection of the data froqi 
which they are compiled, and are slow of execution, — their 
elaborate details requiring the highest skill in drawing and en- 
graving, — there is issued a series oi preliminary charts and 
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hpdrographic sketches. These, embodying information which 
it is desirable to make accessible at the earliest available op- 
portunity, are prepared and published as soon as possible after 
the completion of the work in the field. For the principal 
charts of this latter class, the scale of ^Tj^Trir has been adopted; 
they are less elaborately finished than those before described, 
and are designed to meet the wants of the public, until the 
more perfect maps can be made ready for issue. They also 
enable the office department of the survey to keep up with 
the operations in the field and afloat: each season's work as it 
is turned into the office is drawn and engraved on the plate, 
and, when required, a new plate is made by the electrotype 
process, large enough to retain the old and receive the new 
work. Of the preliminary seorcoast charts^ it is estimated 
that the Atlantic and Gulf coasts will require thirty-three 
sheets. 

When the charts are drawn and verified, they pass into the 
engravings division of the office, where they are executed on 
copper by a corps of engravers, among whom there are some 
artists of distinguished merit. Here, as in every other depart- 
ment of the work, the division of labor is productive of econ- 
omy in time, combined with superior excellence of results. 
The engraving of outlines, of hill-topography, of the dotted 
shading of the sea-bottom, of the figures denoting the sound- 
ings, and, finally, of the lettering, are so many different 
branches of the art, executed by different persons, who have, 
by talent or practice, acquired superior skill. When the plates 
are completed, copies are taken of them by the electrotype pro- 
cess, which are used for printing the charts, while the original 
plates are preserved among the archives. 

The electrotyping establishment of the Coast Survey is very 
extensive, and is one of the most successful in the world. It 
was in practical operation several years before the process 
came into general use, and considerable advances were made 
in the art at this establishment. The method of iodizing the 
matrix, which effectually prevents adhesion without interfering 
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in the least degree with the perfect sharpness of the cast, was 
there discovered, and, by an admirable system of experiments, 
the best size and arrangement of batteries, the proper temper- 
ature of the solutions, and all other conditions necessary to 
produce the best, most uniform, and cheapest results, were de- 
veloped. The practical use of the process is not confined to 
the production of copies for printing. The division of labor 
in engraving the charts is often very much facilitated, and 
great despatch in their production is attained, by dividing, and 
executing them in two, or even four, separate pieces, which 
are afterwards joined on a common electrotype plate. 

The charts are finally printed at the Coast Survey office, and 
distributed to sale agents in the principal seaports. The prices 
are fixed at very low rates, varying from fifteen to seventy-five 
cents per sheet, so as to place a complete set of sheets within 
the reach of every navigator. Copies are also freely distributed 
to seminaries of learning, public libraries, and other institutions 
of a similar character. 

PuBLiCATiOHT OF OBSERVATIONS AND Mbthoi>6.— The impor- 
tance of an early publication of the observations made in the 
progress of the Coast Survey, and of the methods practised in 
the execution and computation of the work, has been repeat- 
edly urged upon Congress by the superintendent ; and means 
were appropriated towards that object in 1854-56, and in the 
two subsequent years. It has been the reproach of works of 
this kind, that the results only are furnished, while the data 
from which they are derived are not presented for scrutiny at 
all, or if at all, only so late that for practical use they have lost 
much of their value. The publication of the archives, while 
it secures the work against loss by accident, and submits it to 
the criticism of the world, has the further very great advantage, 
that it insures full information from, and the full responsibility 
of, those by whom the work is executed. 

Considerable progress has been made in thisundeirtakiftg,.^s 
appears from the account given in the annual report of the 
superintendent for 1856 and 1857; where also the pl^n of 
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publication is developed, of which a brief sketch must suffice 
here. The order of arrangement for the geodetic work is at 
first necessarily chronological, the volumes for each year com- 
prising the records and results of all the various classes of 
work ; while if prepared only after the completion of the sur- 
vey, the volumes would most naturally arrange themselves ac- 
cording to the different operations. This necessity being kept 
in view, the plan has been carefully laid out so that the matter 
contained in the annual volumes may ultimately be divided, 
and rearranged so as to form volumes relating to separate sub- 
jects. The record of the observations is given in full, and 
being unchangeable, is kept separate from their reduction, of 
which the principal steps are given, and which may be liable 
to change from accumulation of data or from improvement of 
methods. As far as practicable, the record and the reduction 
of the observations are arranged on opposite pages. The vol- 
umes thus in course of preparation embrace, beside other sub- 
jects, the operations of Geodesy, Chronometric Longitudes, 
Telegraphic Longitudes, Explorations of the Gulf Stream, and 
Sailing Directions. It will be remembered, that, in addition 
to the great variety of interesting communications on subjects 
connected with the Coast Survey, made to the Association at 
the Montreal meeting, by Prof. Baclie, it was the exhibition to 
the members of a volume of proof-sheets of the geodetic vol- 
time, which led to the appointment of the present committee. 
This committee are therefore compelled to express the deep 
regret which they have felt, on learning that the publication of 
the work has been unavoidably suspended for want of the 
necessary appropriation to carry it forward ; and their earnest 
hope that, when the present temporary embarrassment of the 
public treasury is relieved, the means will be supplied for its 
speedy consummation. The publication of the observations 
and methods will be hailed with great satisfaction by men of 
smence, both at home and abroad ; while the volumes relating 
to the harbors and coast will have nearly the same interest for 
commercial men and navigators. 
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Organization and Economical Management of the Coast 
Survey. — The whole work is under the administrative direc- 
tion of the Treasury Department of the United States. The 
superintendent arranges the plan of conducting the work, and 
issues instructions for its execution to his assistants ; he directs 
and is responsible for the accuracy of all the scientific parts of the 
work, and controls the expenditures, making an administrative 
examination of the accounts, which is a great source of econ- 
omy. Besides performing these duties of superintendence, he 
engages personally in observations in the field, and in those 
able discussions of the results of which the pages of our 
scientific journals contain ample evidence. 

The corps of assistants is composed of three classes, — civil- 
ians, officers of the army, and officers of the navy. The 
civilians, many of whom have been trained in the survey, 
entering as cadets, or, as they are designated, aids, and rising 
by merit to higher grades, form a nucleus of a more permanent 
kind. They preserve uniformity in the methods of the survey, 
and can be called upon freely for duty of every kind. The 
officers of the army and navy are detailed by the heads of their 
respective departments, on application of the superintendent; 
they are liable to be changed frequently, as the exigencies of 
the military or naval service require. Receiving no extra 
emolument for their services on the Coast Survey, their posi- 
tions are only valuable to them under peculiar circumstanoes, 
which change frequently, and there is a limit, therefore, to the 
calls upon them for service. Without the nucleus of civilians 
the whole work might be disorganized by calls for the services 
of the army and navy officers in their immediate professional 
line. On the breaking out of the war with Mexico, all the 
officers of the line of the army, and part of those of the staff, 
serving on the Coast Survey, were detached from it The 
harnaonious cooperation of these three classes of persons, which 
has been maintained during the past fourteen years, is highly 
advantageous to the country, and could not, it is obvious, be 
secured except under the direction of a distinguished civilian ; 
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since questions of rank and authority between offioers of the 
different branches of the service would inevitably interfere dis- 
astrously to the best interests of the work, if its direction were 
confided to either the War or Navy department ; and if the 
operations on land and at sea were carried on under distinct 
organizations, there would result a want of cooperation as to 
time, methods and objects, by which the hydrographic survey 
would fail in a great measure to derive from the land-work 
those elements of accuracy which are essential to its perfec- 
tion. 

The progress of the Coast Survey, from year to year, is 
communicated to Congress in the annual report of the super- 
intendent. Besides an account of the extension of the work 
in the different sections, accompanied by sketch-maps illustra- 
ting the same, these reports contain, as an appendix, the pre- 
liminary maps, charts and sketches produced during the year, 
and valuable contributions to knowledge in the form of scien- 
tific discussions of various subjects connected with the survey, 
such as tides and- terrestrial magnetism, and of new methods 
of observation or computation developed by the persons en- 
gaged in the work. The high character for interest and usefol- 
ness which these reports sustain is too well known and univer- 
sally acknowledged, to require commendation. With wise 
liberality Congress has printed la^e editions of them for gen- 
eral diffusion, and the distribution list shows that they are in 
great demand not only on the seaboard, but also in the interior 
States, evincing the gratifying fact that large numbers of citi- 
zens other than those immediately engaged in commerce and 
navigation feel an appreciative interest in a work designed for 
the benefit of the whole nation. 

It may not be inappropriate in the general sketch which we 
are taking of the actual operations of the Coast Survey, to 
observe that the economy which has marked the conduct of 
this national work has been no less remarkable than the com- 
prehensiveness of its scope, the rapidity of its execution, the 
scientific exactness of its processes, or the substantial value of 
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its results. It may very safely be said that no other govern- 
ment has hitherto succeeded in securing in this branch of its 
service, results so large and so valuable, in so little time, and 
at so little expense. This fact is no doubt in a great measure 
due to the wisdom with which the work has been laid out, to 
the administrative ability which has secured activity and effi- 
ciency in all its departments, to the division of labor, and to the 
personal ability or skill, as well of the subordinate members of 
the corps, as of the chief. But it is also, and in no less meas- 
ure, due to the system of disbursement and financial control, 
and to the method of keeping the accounts, introduced by the 
present superintendent, which are judiciously devised so as 
to protect, in the most effectual manner, the public interests. 

A careful study of the question of relative progress and ex- 
penditure, and a comparison of the cost of our national survey 
with that of the surveys of other nations, for which the data 
axe given in a special report prepared by the superintendent in 
1857, in compliance with a call from the Treasury Department, 
hUve led the committee to the conclusion expressed at the close 
of this report in regard to the economy of the present system. 
The details are of a character which would extend this report 
to an undue length, but the committee may express their de* 
sire that. the document referred to be made accessible to the 
public through its publication by government 
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RESULTS. 



THEIR BEARINGS UPON THE NATIONAL WELFARE, AND UPON THE 

ADVANCEMENT OP SCIENCE. 

In passing to consider the results actually wrought out in 
the progress of the survey of our coast, and the various im- 
portant bearings of these, both useful and scientific, the Com- 
mittee are aware that it is difficult to avoid the appearance of 
occasional repetition: since any sketch, however cursory, of 
the history of the work, or any description, however imperfect, 
of the processes employed in its execution, ^^must, from the na- 
ture of the case, be in itself, to some extent, an anticipation 
of results ; though these be mentioned only by way of allu- 
sion, or introduced purely for the sake of explanation, or of 
illustration. In so far, nevertheless, as may be practicable, 
care will be taken not to retread ground already beaten. 

The valuable results which the Coast Survey has been, and 
still continues to be, the means of securing, are distinguisha- 
ble into two classes, according as we restrict our view to the 
objects for the sake of which the Survey was expressly insti- 
tuted, or extend it to those more varied interests which are inci- 
dentally, but no less positively, promoted by its operations. 

For the sake of convenience, we will refer to these two 
classes of results under the heads, direct and collateral. 

DIRECT RESULTS. — BBNBPITS TO NAVIGATION AND COMMERCE. 

The direct results are the numerous and invaluable aids and 
benefits which the survey affords to navigation and commerce. 
These were the ends most immediately and distinctly contem- 
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plated in the origination of the work, and it is accordingly in 
the importance which attaches to them, that the main argu- 
ment in favor of its prosecution to completion must always be 
found. 

We may indeed dwell with just and honorable pride upon 
the services rendered to science, in its various branches, through 
the instrumentality of a work which can only be prosecuted 
by the aid of recondite scientific principles, applied in practice 
by accomplished and zealous scientific men. As physicists, 
the members of this Association may even, perhaps, regard 
with higher satisfaction the contributions furnished to our 
knowledge of nature, the improvements originated for us in 
methods of observation, and the ingenious mechanical contriv- 
ances invented for instrumental accuracy, which we owe to the 
men engaged in this great public work, and, through them, to 
the work itself, than our tastes may incline us to feel in view 
of the more material and immediately tangible results which 
flow from it; but we must not forget that the majority of man- 
kind look upon all undertakings which involve expenditure to 
the public from a utilitarian point of view ; and while, there- 
fore, we may justly challenge the admiration of all meui 
whether they be professedly scientific or not, for results which 
we ourselves so greatly prize, yet we must not expect that all 
men will so far enter into our enthusiasm as to undertake such 
works for the sake of such results only. In the present case^ 
fortunately, the directly useful results accomplished are so pal* 
pably great, that it will be sufficient to name them, in order to 
satisfy the most exacting economist in regard to the wisdom 
of the outlay by which they have been secured. 

We therefore present now a summary view of the progress 
already made towards the completion of the work, followed 
by a condensed table, compiled from data obtained from the 
Coast Survey office, showing, in two parallel columns the work 
executed previous to 1844, under the superintendence of Mr. 
Hassler, and that from 1844 to 1857, inclusive, under the super- 
intendence of Prolesaor Bache. 
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Progress, or proportion op the whole coast stovbtbd. — 
The survey has been extended into every seaboard State and 
territory of the United States, on the Atlantic, Ghilf of Mex« 
ico and Pacific coasts, and is now in progress, either in field 
or oflice-work, in all of them. 

For the purpose of estimating its progress towards comple- 
tion, we may consider either the extent of general coast-line 
(omitting minute indentations), or the length of the shore, or 
water-line, including that of bays, sounds, islands and rivers, 
to be covered by the triangulation. 

The general coast-line of the Atlantic (including Delaware 
and Chesapeake, as well as all open bays), is estimated, from 
recent measurements, made on the progress sketches, in the 
office of the survey, at 3,036 miles ; that of the Gulf of Mex- 
ico, at 2,162 miles ; and that of the Pacific (including the 
Stmits of Fuca), at 1,866 miles ; making, in all, 7,064 miles* 

Of the foregoing, there have been already covered by trian- 
gulation, on the Atlantic coast, 2,372 miles; on the Gulf 
coast, 760 miles ; and on the Pacific coast, 32fi miles : makings 
in all, as appears in the following table of statistics, 3,477 
miles. 

A measurement of the shore-line (including bays, sounds, 
islands and rivers), covered by the triangulation, made in a sim- 
ilar manner, gives for that of the Atiantic coast, 14,723 miles ; 
of the Gulf of Mexico, 10^06 miles ; and of the Pacific coast, 
4,252 miles : in aU, 29,381 miles. Of this shore-line, the tri- 
angulation has already extended over, on the Atiantic coast, 
10,787 miles ; on the Gulf coast, 4,075 miles ; and on the Pa- 
cific coast, 1,288 miles: in all, as appears in the table of statis- 
tics, 16,150 miles. 

Each of these two modes of estimating the work already 
executed, and that remedning to be done, afibrds us this con- 
clusion: that the Atiantic sections are nearly three-fourths 
done, and the Gulf sections one-third done. 

Our knowledge of the minuter features of the Pacific coast 
being as yet in a much less advanced Btate than that of the 
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other two portions of the coast, renders a precise estimate for 
it comparatively less practicable ; as far, however, as we can 
venture to determine in this matter, the Pacific section is not 
quite one fourth executed. 

With the limitation just specified, taking the whole coast 
of the United States into consideration, the survey is carried 
forward about one half to completion. This estimate is based 
on the triangulation executed ; and a similar consideration of 
the topography will lead us very nearly to the same conclu- 
sion. 

The length of the general coast being taken, as above stated, 
it appears that the topography is executed over 1,889 miles in 
the Atlantic section, 764 miles in the Gulf section, and 259 
miles in the Pacific section : in all, 2,912 miles, out of 7064 
miles, showing two fifths of the whole. It is to be borne in 
mind, in making this estimate, that the topography is, in gen- 
eral, a whole season bebind the triangulation, and that the hy- 
drography thereafter follows in its turn. 

Looking at these data of the field-work, and adding to our 
view the office-work consequent thereon, we are justified in 
considering that, at the rate of appropriation for the three 
years from 1856 to '58, and with the like efficient manage- 
ment, the survey of the Atlantic and Gulf coasts may cer- 
tainly be essentially completed in from twelve to fifteen years. 
This afinrees substantially with the latest estimates of the su- 
perintendent of the work. 

Estimates of time for completion were, in the early stages 
of the survey, necessarily but conjectural, on account of the 
inaccuracy and looseness of the geographical maps of the 
coast then extant, the length of shore-line shown on them 
being greatly in defect; but, as data for a more and more close 
approximation to the true amount have become available by 
the operations of the survey itself, our information on this sub- 
ject is now 80 much more detailed and reliable, that we may 
look with a tolerable degree of confidence on the conclusion 
at which we have arrived. 
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BliXimCS OF rUDJ) and OITIOB-WOBK Ot TBB UMrCED STATU COAST 8UBTXT. 






Recormatssance. 
Area, in sqnare miles, 

Bfue Lines mecuured. 

Primary, nnmber of, 

Secondary, nnmber of, 

Length of, in miles, 

TrUinffulation, 

Area, in sqnare miles, 

Extent of general coast in miles, 

Extent of shore-line, in miles, including bays, 

sounds, islands, and rivers, . . 
Geographical positions determined, 

Astronomical operations. 

Stations occupied for azimuth, 

do. do. latitude, . . 

do. do. longitude. 

Magnetic stations. 
Magnetic stations occupied, 

Tcpogra^y, 

Area surveyed, in square miles, 

Length of general coast, .... 

Length of shore-line, in miles, including rivers, 

creeks, and ponds, 

Length of roads, in miles, .... 

ffydrograj^y* 

Soundings, number of, 

Specimens of bottom preserved, . . • 
Soundings in Gulf-stream for temperature, • 
Tidal stations, permanent, .... 

do. temporary, .... 

Current stations occupied, . • • . 

Records, 

Total number of volumes of observations and 
computations, 

Maps and Charts. 

Topographical maps, originals, . 
Hydrogniphic charts, orig|inals. 
Total number of manuscript maps and charts, 
Kumber of sketches made in field and office, . 

Engraving and Printing. 

Engraved plates of finished charts^ number of. 
Preliminary charts, sketches and diagrams, for 

Coast Survey annual reports, . 
Electrotvpe plates made, nimiber of. 
Finished charts published, number of. 
Preliminary charts and hydrographic sketches 

published, 

Printed sheets of maps and charts distributed 

from office, 

Printed sheets placed in hands of sale agents. 



PreyiooB 
to 1844. 



9,642 



1 
2 

19i 



9,076 
670 

1,688 
1,183 



9 
9 
1 



6,039 
414 

7,667 
12,239 



808,147 

1,029 



20 

107 





666 



168 
142 
826 
811 














From 1844 

to 1867, 

indiuiTe. 



43,171 



9 

41 

188f 



81,949 
2,907 

14,662 
6,789 



69 

100 

78 



188 



8,507 
2,498 

26,208 
11,394 



4,080,788 

6,972 

8,429 

276 

492 

788 



8,486 



607 

467 

1,326 

1,V9 



61 

819 

400 

64 

268 

66,676 
42,948 



Total from com- 
mencement to 
1867,inclu8iTe. 



62,813 



10 

43 

168i 



41,026 
8,477 

16,160 
6,972 



68 

109 

74 



188 



14,546 
2,912 

82,870 
23,638 



4,888.886 

7,001 

8,429 

296 

699 

788 



9,061 



676 

699 

1,650 

1,600 



66 

819 

400 

64 

268 

66,676 
42,948 
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Charts Published. — The charts which have been described, 
in their general character, in the first part of this report, exhibit 
such an exact and clearly intelligible delineation of the coast- 
line in its contour and topography, and of the adjacent waters 
off-shore, and in bays and inlets, and, to a certain extent, even 
in rivers, as to enable the mariner to choose his course with 
confidence, avoiding hidden dangers, and following the secure 
channels as easily as if the sea-bottom itself were exposed to 
his view. Or, rather, they are a safer guide than the sight of 
the bottom could be ; since they enable him at a glance to take 
in a wide area on the chart, while a direct inspection could ex- 
tend, even under the most favorable circumstances, only to a 
limited space in the immediate vicinity of his vessel. The 
number of such delineations, or charts, which the American 
Coast Survey has produced, is already very great : various in 
character, according to the immediate objects which they are 
designed to subserve. Of the finished charts, there have been 
published forty-seven sheets of charts of harbors, anchorages, 
and the like, to various scales, from ^l^ to ^^^ ; eight sheets of 
" in-shore " or coast-charts, to scale of ^^^ ; and one sheet of 

" off-shore '' or general coast-chart, to scale of looWo* ^^ ^^® 
preliminary sea-coast and harbor charts, there have been pub- 
lished upwards of eighty sheets, to various scales from fo^ to 

400^000 • ^^^ of hydrographic sketches, upwards of one hundred 
and twenty. 

As regards the finished maps, it may be said that, in point 
of execution, they do honor to the government under whose 
authority they have been put forth. That they are character- 
ized by the g-eatest precision, may of course be said, since 
this is the first and essential condition which gives to any map 
its value : but considered, also, as specimens of art, they are 
unsurpassed in any particular, whether in the drawing, engrav- 
ing, or printing, by any works of their class ever produced by 
public or private enterprise, at home or abroad. There results 
from this the double advantage, that while their elaborate exe- 
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cntion carries with it a certificate of their refinement and 
accuracy, and gives to the navigator who consults them assur- 
ance of their truth, it at the same time reflects credit upon the 
country, and presents a model for imitation which cannot fail 
to improve the standard of artistic execution in every work, 
whether of a scientific or of a purely aesthetic character, pro- 
duced among our people. 

Below is given a list of the finished charts already published, 
arranged in geographical order, from Maine to Washington 
Territory ; also, a list, arranged in like manner, of preliminary 
charts and hydrographic sketches published, omitting such of 
these latter as represent reconnaissances and preliminary sur- 
veys afterwards superseded by more detailed surveys. 
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LIST 01* PUBLISHED COAST StTBYET FINISHED HAPS AKD eHABTS. 



Name of Map or Chart. 



Richmond's island harbor, . 

York river and Cape Neddick harbors, 

Newbuiyport harbor, .... 

Gloucester harbor, .... 

Salem harbor, ..... 

Boston harbor, 

Wellfleet harbor, 

Nantucket harbor, .... 

Hyannis harbor, ..... 

Harbor of Edgartown^ 

Harbors of Holmes' Hole and Tarpaulin 
Cove, . 

Harbor of New Bedford (edit, in 1846), 

General coast from Gay Head to Cape 
Heniopen, 

Fisher's island sound, • 

Harbor of New London, 

Mouth of Connecticut river, . 

Harbor of New Haven (edit, in 1846), . 

Harbors of Black Rock and Bridgeport 
(edit, in 1848), .... 

Harbors of Sheffield and Cawkins island 
(edit, in 1848), .... 

Huntineton Bay, ..... 

Oyster oav, or Syosset harbor, . 

Harbors of Captain's i8l'ds,ea8t& west, 

Hart and City islands, ) . . . 

Sachem's Head harbor, ) . 

Hell Gate, 

Long Isl. sound, eastern part (edit. 1848) 
" " " middle " " . 

" " " western " " 

New York bay and harbor and the envi- 
rons (4 sheets), .... 

New York bay and harbor and the envi- 
rons (2 sheets), 

N. York bay and harbor and the environs 

South coast of Long Island, eastern part, 
" ^* middle « 

" " western " 

Little Egg harbor, .... 

Delaware bay and river, sheet No. 1, 
" " " No. 2 

'' " « No. 8, 

Harbor of Annapolis and Severn river. 

Mouth of Chester river, . . 

Pasquotank river, .... 

Beaufort harbor (on steel), 

Charleston harbor (edit in 1855), . 

Key West harbor and its approaches, 

Mobile bay entrance, . 

Mobile bav^ 

Cat and Ship island harbors, 

Galveston bay entrance (edit. 1858), . 

San Diego bay, . . 

Monterey harbor, . . . .* 

Humboldt bay, . . , . 

Trinidad bay, 

Columbia river ent'ce ( Alden's survey), 



State. 



Maine. 

ti 

Mass. 
(( 

i( 

It 

(I 

i( 

ti 

u 

u 
It 



Conn* 

t( 

ti 

u 
u 

II 

New York. 
It 

It 

u 

It 

It 

Conn., R. L and N. Y. 
Conn, and N. Y. 
Conn, and N. Y. 

New York. 

It 
It 
It 
It 
It 

N.J. 

N. J. and Del. 

N. J. and Del. 

N. J., Del. and Penn. 

Md. 

It 

N.C. 

It 

s. c. 

Fla, 

Ala. 

It 

Miss. 
Texas. 

Cal. 

It 

It 
It 



Oregon. 



0oale. 



1: 20,000 
1: 20,000 
1: 20,000 
1: 20,000 
1: 25,000 
1: 40,000 
1: 50,000 
1: 20,000 
1: 80,000 
1: 20,000 

1: 20,000 
1: 40,000 
1:400,000 

1: 40,000 
1: 20,000 
1: 20,000 
1: 80,000 

1: 20,000 



20,000 
80,000 
80,000 
20,000 
20,000 
10,000 
6,000 
80,000 
80,000 
80,000 



1: 30.000 



1: 
1: 
1: 
1: 
1: 
1: 
1: 
1: 
1: 
1: 



80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
60,000 
1: 40,000 
1: 60,000 
1: 20,000 
1: 80,000 
50,000 
40,000 
80,000 
40,000 
40,000 
40,000 
1: 40,000 
1: 80,000 
1: 20,000 
1: 40,000 



1: 
1: 
1: 
1: 
1: 
1: 



Year of 

pnbU- 

cation. 

1851 
1854 
1855 
1855 
1856 
1857 
1853 
1848 
1850 
1848 

1847 
1850 
1852 

1847 
1848 
1853 
1852 

1862 

1852 
1849 
1847 
1849 

1851 

1851 
1856 
1855 
1856 

1844 

1845 
1846 
1857 
1857 
1851 
1846 
1848 
1648 
1848 
1846 
1849 
1850 
1857 
1856 
1855 
1851 
1856 
1850 
1856 
1857 
1862 
1862 
1861 
1864 
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LIST OV PQBLISHlfiD OOAST SUBYET PRBLIMINAST CHARTS AND HTBBOORAPHIO 

SKBTCHES. 



Name of Chart or Skateh. 



Kennebec river entrance, prelim, chart, 

Portland harbor, prelim, cnart, 

" '^ (for harbor commissioners), 

Portsmouth harbor, prelim, chart, . 

Ipswich & Annisquam barb's, prelim, chart, 

Gtoacester harbor prelim, chart, 

Stellwagen*s bank, prelim, chart, 

Sea*coast of Maine, N. Hampshire, and part 
of Massachusetts, prelim, chart, 

Cnrrent-chart of Boston harbor, 
, Minot's ledge, .... 

Pl3'mouth harbor, prelim, chart, 

Provincetown harbor, prelim, chart, 

Davis^ South shoal, 

Nantucket shoals, prelim, chart, 

Tidal currents of iNantucket shoals, 

Monomoy shoals, prelim, chart, . 

Muskeget chanoel, prelim, chart, . 

Bass river harbor, prelim, chart, . 

Harbor of Wood's Hole, prelim, chart, 

Sow and Pies reef, . . . , 

Sea*coast of Massachusetts, southern part, 
prelim, chart, 

Tidal currents of Long Island sound and 
approaches, 

Buttermilk channel. New York harbor, 

Romer and Flynn's shoals, 

Changes in Sandy Hook since 1779, . 

New York bay and harbor, prelim, chart, 

Hudson river, lower sheet, prelim, chart, . 

" ** comparative chart, showing 

the change 9ince 1862, . . . . 

Sea*coast of Del., Md., and part of Va., pre- 
lim, chart, ....... 

Delaware and Chesapeake bays and sea- 
coast, prelim, chart, . . > . . 

Chincoteague inlet and shoals in vicinity, 

Wachapreague, Machipongo, and Metonakin 
inlets, 

Ship and Sand Shoal inlets, prelim, chart, 

Chesapeake bay, upper part, 8 sheets pre- 
lim, chart, ...... 

Patapsco river and harbor of Baltimore, 
prelim, chart, 

Bappahannock river, 4 sheets, prelim, chart, 
" " 2 sheets, rrom entrance 

to Occupacia creek, prelim, charts, . 

York river entrance, Va., prelim, chart, . 

James river (upper sheet) from Richmond 
to City point, prelim, chart, . 

Hampton roads & Elizabeth river, pre. chart, 

Norfolk harbor, prelim, chart, . 

Sea-coast of Va., 2 sheets, prelim, chart, . 

Part of sea-coast of Va. and entrance to 
Chesapeake bay, prelim, chart, 

Gulf-stream explorations, sketch of limits, 

Albemarle sound, prelim, chart, . 

Wimble shoals, 



State. 



Maine. 

New Hamp. 
Mass. 

u 

It 



u 

li 

(4 
IC 
« 
i( 
l( 
II 

u 

K 
U 
M 
U 

U 



New York. 

u 
u 
u 



t( 



Va. 

(I 
t( 



Md. 
Va. 

u 

u 

u 

ti 
t( 

N. 0. 

(t 



Scale. 



1: 
1: 
1: 
1: 
1: 
1: 
1: 

1: 
1: 
1: 
1: 
1: 



80,000 
20,000 
10,000 
20,000 
20,000 
20,000 
400,000 

200,000 

100,000 

10,000 

20,000 

60,000 



1: 200,000 



1: 
1: 
1: 
1: 
1: 
1: 
1: 



200,000 
800,000 
40,000 
60,000 
40,000 
20,000 
240 



1: 200,000 



1: 
1: 
1: 
1: 
1: 
1: 



800,000 
6,000 
40,000 
10,000 
80,000 
60,000 



1: 20,000 

1: 200,000 

1: 400,000 
1: 40,000 

1: 40,000 
1: 40,000 

1: 80,000 

1: 60,000 
Ir 20,000 

1: 60,000 
1: 60,000 

1: 40,000 
1: 40,000 
1: 10,000 
1: 200,000 

1: 200,000 
1:6000,000 
1: 200,000 
1 : 80,000 



Year of puUfr- 
cation. 



186T 

1864 

1865 

1864 

1866, '67 

1864 

1854, '66 

1867 

1861 

1863 

1857 

1867 

1846-*68 

1854 

1854 

1864, *66 

1864, '65 

1854, »57 

1867 

1868 

1866, '67 

1864 

1849 

1863 

1861, *53, '56 

1867 

1856 

1856 

1862 

1866 
1852, '63 

1868 
1864 

1857 

1866 
1866 

1867 

1867 

1865 
1867 
1857 
1868, '54 

1855 
185»-'56 
1855 
1854 
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LIST 07 PUBUBHED COAST SUSYET PRELIMINARY CHARTS AND HYDILOaBAPHIO 

SKETCHES. 



Name of Ofasrt or Sketch. 



Hatteras shoals, 

Hatteras inlet (harbor of refuge), . 

Ocracoke inlet, 

Sea-coast of N. C, from Hatteras to Ocra- 
coke, prelim, chart, 

Sea-coast of N. C, from Cape Lookout to 
Bogue inlet, prelim, chart, 

Beaufort harbor, N. C, prelim, chart, 

" ** " comparative ch$rt, . 

New river and bar, 

Gape Fear river and New inlet entrances, 
prelim, chart, 

Cape Fear river (lower part) from Federal 
point to Wilmington, N. C, prelim, cnart. 

Entrances to Cape Fear river (lower p^rt), 
prelim, chart, 

Entrances to Gape Fear river, comparative 
chart (J861-»56), 

Winyah bay and Gape Boman shoals, prelim, 
cnart, «••■••• 

Winyah bay and Georgetown harbor, prelim, 
chart, 

Roman inlet (harbor of refuge), . 

Bulls' bay (harbor of refuge), * 

Charleston harbor, Maffitt's channel, com> 
parative chart, 

Changes in Charleston bar from 1860 to 1855, 

North Edisto river, prelim, chart; . 

St. Helena sound, prelim, chart, . 

Port Royal entrance and Beaufort harbor. 

Sea- coast of S. C, from Cape Roman to 
Savannah river, prelim, chart. 

Savannah river entrance, .... 

Savannah city ftpproaches, 

Savannah river, prelim, chart, 

Romerlv marshes, . . . . . 

Doboy bar and inlet, 

St. Simon's sound and Brunswick harbor, 
prelim, chart, 

St. Andrew's shoals, . .... 

St. Mary's bar and Femandina harbor, pre- 
lim, chari;, 

St. Mary's bar and Femandina harbor, com- 
parative chart (1848 and 1850), 

St. John's river entrance, prelim, chart, . 
" " " comparative chart, 

St. John's river, 2 sheets, prelim, chart, . 

Mosquito inlet, 

Gape Canaveral shoals, .... 

Florida reefe, from Key Biseayae southward, 
prelim, chart) ..... 

Positions and plan of beacons on Fla. i^eefs, 

Legar^ anchorage, prelim, chart. 

Turtle harbor, Florida reef, ... 

Coffin's Patches, Florida reef, . 

Key West harbor and approaches, prel. chart, 

Tampa bay, _ . 

Waccasassa bay, prelim, chart, . . ! 



State. 



N. G. 
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(( 
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it 
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Scale. 



1: 120,000 
1: 20,000 
1: 40,000 

1: 200,000 

1: 200,000 
1: 20,000 
1: 10,000 
1: 16,000 

1: 40,000 

1: 80,000 

i: 80,000 

1: 20,000 

1: 100,000 

1: 40,000 
1: 40,000 
1: 40,000 



1: 
1: 
1: 
1: 
1; 

1: 
1: 
1: 
1: 
1: 
1: 

1: 
1: 



5,000 
lOtOOO 
50,000 
40,000 
60,000 

200,000 
80,000 
20,000 
40,000 
10,000 
40,000 

40,000 
60,000 



1: 20,000 



1; 
1: 
1; 
1; 
1; 
1: 



20,000 
25,000 
10,000 
25,000 
40,000 
60,000 



1: 200,000 
1: 400,000 



1: 
1: 
1: 
Xi 
1: 
1: 



20,000 
40,000 
20,000 
100,000 
120,000 
50,000 



Yearofpubli- 
cation. 



1850, '51 
1849-'52,'67 
1862, '57 

1856, '67 

1857 
1864 
1867 
1862 

1863 

1856 

1855, '67 

1857 

1854 

1855 
1857 
1849, '51, '57 

1854, '56 
1865 

1851, '53, '56 

1867 

1855 

1856, '57 
1861 
1861 
1865 
1865 
1855 

1856, '57 
1850 

1856, '57 

1866 
1858 
1857 
1856 
1851 
1850 

1855, '57 
1855 

1855, '57 
1854 
1854 

1851, '52 
1855 
1866 
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LIST OF PtmLIBHED COAST SURYET PRELTMINART CHARTS AND HTDROQRAPHia 

SKETCHES. 



Name of Chart or Sketch. 



Channel No. 4, Cedar keys, 

Cedar keys and approacheSf prelim, chart, 

Ocilla river, 

St. Mark's bar and channel, 

** river, prelim, chart, . 

St. George's sound entrances, . 

Appalacnicola entrance, prelim, chart, 

St. Andre wM bay, prelim, chart, 

Pensacola entrance and approaches, prelim 
chart, 

Sea-coast of part of Ala. and Miss., prelim 
chart, 

Pascagonla river entrance, . 

Honi island channel, .... 
" " pass, .... 

Bilox! bay, prelim, chart, 

Mississippi city harbor, prelim, chart, . 

Pass Christian harbor, .... 

St. Lonis bay and Shleldsboro' harbor, 
prelim, chart, 

Grand island pass and Pearl river entrance, 
prelim, chart, 

Delta of Mississippi, showing changes since 
1889, 

Lines of deep sea sonndings in Gulf of Mex- 
ico, with proiiles of bottom, . 

Barataria bay entrance, . . . • 

Pass Foarchon, 

Timballier bay entrance (Grand pass). 

Ship island shoal, near Isle Demi^re, prelim, 
chart. ....... 

Vermillion bay & Calcasieu river entrances, 

Sabine pass, ....... 

Galveston bay, prelim, chart, . 

Sea-coast of Texas, from Galveston south- 
ward, prelim, chart, .... 

San Loais pass, prelim, chart, 

Matagorda bay entrance, .... 

Aransas pass, 

Rio Grande entrance, .... 

Reconnaissance of Western coast, from Mon- 
terey to mouth of Columbia river, 1 sheet. 

Reconnaissance of Western coast, from Mon- 
terey to mouth of Columbia river, 8 sheets. 

Reconnaissance of Western coast, lower 
sheet, San Diego to San Francisco, . 

Reconnaissance of Western coast, middle 
sheet, San Francisco to Umpquah river, . 

ReconnaiRsancd of Western coast, upper 
sheet, Umpquah river to boundary, . 

Cortez bank, off coast of California, . 
w •* " " prel. chart, 

San Clemente island, harbor of^ refuge at 
south->east end, 

Catalina harbor, 

San Pedro anchorage and vicinity of Santa 
Barbara, . . . . ' • 

Anacapa island, 



State. 
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Miss. 
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Cal. and Or. 
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Scale. 



1: 
1: 
1: 
1: 
1: 
1: 
t: 
1: 



80,000 
60,000 
20,000 
40,000 
80,000 
80,000 
20,000 
40,000 



Tear of publi- 
cation. 



1: 80,000 

1: 200,000 
1: 20,000 
1: 100,000 
40,000 
40,000 
40,000 
40,000 



1: 
1: 
1: 
1: 



1: 80,000 

1: 40,000 

1; 60,000 

1:2400,000 
1: 80,000 
1: 10,000 
1: 20,000 

1: 80,000 
1: 40,000 
1: 40,000 
1: 200,000 

1: 200,000 



1: 
1: 
1: 
1: 



20,000 
40,000 
20,000 
20,000 



1:7000,000 

1:1000,000 

1:1200,000 

1:1200,000 

1:1200,000 
1: 10,000 
1: 80,000 



1: 

1: 

1: 
1: 



20,000 
15,000 

20,000 
20,000 



1852 

1854, '56 

1855 

1852 

1856 

1858 

1867 

1856 

1857 

1866, '57 

1858 

1846 

1852, '58 

1855 

1857 

1851 

1857 

1857 

1851, '62 

1856, '66 
1858 
1854 
1868 

1863 
1866 
1863 
1861, '62, '56 

1856, '57 

1863 

1857 

1858 

1854 

1850 

1850, '51 

1852, '58 

1854 

1855 
1858 
1856 

1856 
1852 

1866 
1854 
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LIST OF PUBLI8HS0 COAST SUaVBY PRELIMINA&T CHABTS AN1> HYSBOCHUUmiO 

SKETCHES. 



Name of Chart or Sketch. 



Anacapa and east end of Santa Craz island, 
Prisoner's, Cuyler's & San Clemeute harbor, 
Santa Barbara mission and vicinity, . 

** " channel, eastern entrance 

prelim, chart, . . • • « 
Santa Cruz, San Simeon, Coxo, and San 

Louis Obispo harbors, 

Point Conception, 

Point PinOB, Monterey tMiy, . 
Monterey bay, prelim, chart, . 
Santa Cruz and Ano Nuevo harbors, . 

San Pedro harbor, 

San Francisco bay, .... 
Entrance to San Francisco bay, preL chart, 
San Francisco city and vicinity, . 
South Farallon island, .... 
San Pablo bay, prelim, chart. 
Mare island straits, prelim, chart, . 
San Antonio creek, prelim, chart. 
Point Beyes and Drake's bay, 
Shelter cove,]iIendocino city,& Crescent city 

harbor, and Port Oxford or Eving harbor, 

Humboldt bay, 

Trinidad bay, ...••• 
Umpquah river entrance, . . 
Mouth of Columbia river, 

ti t: (( 




Cape Hancock (or Disappointment), 

Shoalwater bay, 

Becounaissance from Gray's harbor to Ad 

miralty inlet, 

Grenville harbor, 

Cape Flattery and Ne4-ah harbor. 

False Dungeness harbor, .... 

Kew Dnngeness harbor. 

Canal de Uaro, Rosario str'ts, & approaches 

Port Townshend, 



Duwaraish bay and Seattle harbor, 
Smith's or Blunt's island . 

Port Ludlow, 

Port Gamble, .... 
Olympia harbor, • • • 
Steilacoom harbor, 
Bellingham bay, • 
Blakeley harbor, .... 
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80,000 
20,000 
20,000 

80,000 

20«000 
40,000 
20,000 
60,000 
40,000 
80,000 
400,000 
50,000 
10,000 
5,000 
50,000 
80,000 
20,000 
40,000 

20,000 
80,000 
20,000 
20,000 
200,000 
40,000 
20,000 
80,000 

600,000 
20,000 
40,000 
80,000 
40,000 

200,000 
40,000 

400.U00 

2o;ooo 

20.000 
20,000 
20,000 
80,000 
40,000 
10,000 



Tear of pabli- 
oaUon. 



1857 
1852 
1853 

1857 

1852 

1851 

1851 

1857 

1854 

1852 

1851 

1856 

1853 

1855 

1856 

1851, »67 

1857 

1865 

1854 
1851 
1851 
1854 
1850 
1851 
1851 
1853, '66 

1853 
1854 
1858 
1853 
1856 
1854 
1854 
1854 
1854 
1856 
1856 
1856 
1856 
1856 
1856 
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PART n. — SESULTS. 101 

Discoveries and Developments of the Coast Survey. — 
Were this Committee to attempt to enumerate or to enter into 
a detailed specification of all the important contributions to 
nautical knowledge which the survey has collected, or to point 
out all the seriously dangerous errors which it has succeeded 
in correcting, this branch of their subject would overshadow 
all the rest, and their report would degenerate into a mere 
catalogue of hydrographic discovery. Yet, in order that the 
reader may have the opportunity of informing himself, in some 
measure, in regard to matters which cannot conveniently be 
fully presented in this place, we shall add a list of the moare 
important discoveries and developments, and if, in connection 
with this, we pompare the ancient charts with those which 
have been, in later years, wrought out by the American Coast 
Survey, we may form some faint idea of its inestimable bene- 
fits to navigation. Let, for instance, the charts of the port of 
New York be examined, By far the most serviceable avenue 
to this most important of our harbors, the channel (Gedney's) 
made use of now by vessels of the largest class, was entirely 
unknown until it was developed in the systematic hydrography 
of the bay. Had the true depth of this channel been known 
in 1778 (then probably existing, as seen by comparing old and 
new charts), the French fleet under Count d'Estaing might 
have passed into the bay, and taken the assembled British 
vessels. The gradual increase of Sandy Hook to the north- 
ward, narrowing the main ship-channel entrance, has been well 
established by the successive observations of the survey ; its 
cause has been investigated, and the result gives encourage- 
ment in reference to the power to control this growth of the 
Hook, should it become necessary. Take, again, the approach 
to Philadelphia : until the Coast Survey corrected the error, 
the two light-houses which define the entrance to the Delaware 
were variously represented on the charts as from four and a 
half to seven miles more distant from each other than they are 
in fact. The great regulating landmark of our pilots, at Bom- 
bay Hook, was five miles out of place. The deepest and most 

9* 
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sheltered channel in the widest part of the bay, was supposed 
to be almost a shoal. Take, again, the island of Nantucket^ 
fringed round with a labyrinth of shoals, which seemed to defy 
all attempts at comprehension: — see it now all pictured out 
upon these beautiful charts in every minutest detail, like a 
great citadel with its outworks systematically disposed all 
around it Look at the numerous isolated rocks, ledges, reefs^ 
and shoals, on all parts of our far-extending coast-line, located 
with the utmost degree of precision. 

Some of these individual facts — many or most of themi 
probably — have already been the means of saving many ships 
from wreck and total loss. There is no extravagance in the 
presumption, at least if we strike an average, that a single such 
service may fairly be ascribable, within the past year, to every 
one of these additions to the amount of knowledge previonely 
existing in regard to the hidden dangers or the treacherous cur- 
rents of the ocean. Let this estimate, for a moment, be 
adopted ; and let the value of ships and their cargoes, small 
and great, richly and poorly laden, be put at so low an average 
as twenty thousand dollars ; it will appear that we may fairly 
credit to the services of the Coast Survey an annual saving to 
the country of nearly three millions of dollars. If in this con- 
clusion there is error, there can be little doubt that it is because 
the amount is put too low. 

The recorded disasters to our marine commerce in 1855^ 
reached still a total, in spite of all the increased security which 
the charts so far as completed have given to navigation, of 
almost twelve millions of dollars. 

In view, therefore, of all these considerations, the Commit- 
tee cannot but conclude, that, in so far as the direct objects 
are concerned for which the survey was instituted, the wisdom 
of the policy in which it originated is abundantly vindicated^ 
and the largest expectations of benefit from its execution 
which its projectors professed to entertain, have been n^oxe 
than realized in the results already achieved. 
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lAst of the more remarkable discoveries and developments by 
the United States Coast Survey to the year 1858, arranged 
in geographical order. 

Casco bay, Maine: determination of the position of a sunkea 
rock, on which the steamer Daniel Webster struck, on October 
13, 1856. 

Gloucester harbor, Massachusetts : a rock (not on any chart) 
in the inner harbor, discovered in 1853. 

Boston harbor : Broad sound channel thoroughly surveyed) 
1848; several rocks in the fair channel way, 1854. 

Massachusetts bay: Stellwagen's bank, an important mark 
for approaching the entrance, 1854 ; a dangerous sunken ledge 
(Davis' ledge) to the eastward of Minot's ledge, 1854 ; devel- 
opment of a reef between Minot's and Scituate light, 1856 ; 
a sunken rock, with only six feet at low water, off Marshfield, 
1856; a dangerous rock, near Saquish Head, entrance to Plym- 
outh harbor, 1856 ; three rockSf partly bare at low water, off 
Manomet point, determined in position, 1856 ; a very danger- 
ous rock off Indian Hill, and four miles south of Manomet 
point, with only six feet water, 1856. 

Nantucket shoals : Davis' New South shoals discovered, six 
miles south of the old Nantucket South shoals, and in the 
track of all vessels between New York and Europe, or from 
the eastern to the southern States, or to South America, 1846 ; 
two new shoals, 1847 ; six new shoals, the outermost fourteen 
and a half miles from land, and with only ten feet water, 1848 ; 
McBlair's shoals, 1849; Davis' bank, 1848; Fishing Eip, a 
large shoal, with four and a half fathoms, surveyed in 1852; a 
ridge connecting Davis' New South shoal and Davis' bank, 
1853 ; a small bank or knoll, beyond the limits of the series of 
shoals, with only five fathoms on it, five miles east of Great 
Rip; two shoal spots, near the northern extremity of Davis' 
bank, with fourteen and eighteen feet water, 1856. 

Nantucket sound: contraction of the inlet at the north end of 
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Seu: York hiy amd harbor: Gedney's channd imo Xew Toi 
bay, h^Yir^ t*;v'o feet water more ihan the oid cfaanoeb; 
change* in Xe-Jr York ]iaiix>r, between 1S45 and 1S5S; in- 
crea4^ of depth in Biutermiik channel, 1S4S; shoal in inam 
ehip channel, ISi^i. 

i^rndy Uo^jk: its remarkable increase traced firom the slI^ 
yeyi! of the topographical engineers and others, and by 
neveral ^ucceei^ive special eorveys made between 1S44 and 

Delaware bay: Blake's channel at the entrance, discoreied 
in l^it) of>en when the eastern channel is dosed by ice; 
Blunt^ji channel; changes near the Pea Patch. 

Coast of Virginia : tme extent and position of the danga* 
ous shoals near Chincoteagoe inlet, 1852; Metomkin inlet, 
shoaling from eleven to eight feet in the channel, 1852; two 
channels into Wachapreagae inlet, both with seven feet water 
at low tide, 1852 ; Great Machipongo inlet, a fine wide cban- 
nel with eleven feet water on the bar at low ebb, and fonrteen 
at high tide, with good anchorage inside in from two to eight 
fathoms, forming the best harbor between the Delaware and 
the Chesapeake, 1852. 

Enirance to the C/iesapeake: two shoals, one 4f nautical 
miles S. E« by E. from Smith's island ligbt^house, with seven- 
teen feet water upon it; the other E. by S. nearly 7i miles 
from the same light, with nineteen and a half feet, 1853 ; find- 
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ing of only three feet water upon the "Inner Middle,'^ the 
shoal part of the Middle Ground, west of the " North Chan- 
nel," at the Chesapeake entrance, 1852. 

Chesapeake bay: determination of shoals and bars at mouths 
of Great and Little Choptank, Rappahannock and Patapsco 
rivers, 1844 to 1855 ; New Point shoal, with only sixteen feet 
water, south-east from New Point Comfort light-house, 1854 ; 
advantages of York river as a harbor, 1857. 

Gulf stream: discovery of the cold wall, alternate warm and 
cold bands, and various other features ; discovery of cold wa- 
ter at the bottom of the ocean below the Gulf stream, along^ 
the coast of North and South Carolina, Georgia, and Florida, 
1853; submarine range of hills, beyond the Gulf stream, 
tracked from Cape Florida to Cape Lookout, 1855. 

Various facts relative to the distribution of minute shells on 
the ocean bottom, of probable use to navigators for recogniz- 
ing their positions. 

Coa^st of North Oarolirut: dangerous nine ftet shoal off Cape 
Hatteras, 1850 ; a new channel, with fourteen feet water, into 
Hatteras inlet, formed during 1852, which is belter and 
straighter than the old channel ; changes at Hatteras and Oc- 
racoke inlets, 1857 ; general permanence in depth on the bar 
of Beaufort harbor, with the change of position of the chan- 
nel, 1854 ; the well ascertained influence of prevailing winds 
in the movement of the bars at Cape Fear and New Inlet 
entrances ; the shoaling of Cape Fear river bar thoroughly ex- 
amined for purposes of improvement, 1852, and the changes 
in the bars and channels determined, 1855 and 1867 ; Frying 
Pan shoals, off Cape Fear, extending twenty nautical miles 
from Bald Head light-house, surveyed in 1851. 

Coast of South Carolina : Maffit's new channel, Charleston 
harbor, with the same depth of water as the ship channel, 
1860 ; changes in the channels of Charleston harbor, and in 
the entrances to North Edisto river and Port Royal harbor, 
1868 to 1857. 

Florida reefs : a harbor of refuge (Turtle harT)or) to the 
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northward and westward of Carysfort light-house, with a depth 
of water of twenty-six feet at the entrance, 1854 ; a new pas- 
sage, with three fathoms water, across the reef, to Legar^ har- 
bor, under Triumph reef (lat 25° 30' N., long. 80° 03' W.), 
which, if properly buoyed, will be valuable as a harbor of ref- 
uge ; a safe rule for crossing the Florida reef near Indian Key, 
1854; a new channel into Key West harbor, 1850; Isaac 
shoal, near Rebecca shoal, not laid down on any chart, 1852» 

Mobile bay: in 1832, only seventeen feet at low water coald 
be carried over the entrance bar; in 1841, it had nineteen feet, 
and in 1847, twenty feet and three quarters, as shown by suc- 
cessive surveys; diminution, almost closing, of the passage 
between Dauphine and Pelican islands, 1853. 

Harbors on the coast of the Oulf of Mexico : determination 
of bars, shoals, and passes, and of the effect of wind in dis- 
turbing the tides. 

Pacific coast of the United States: various surveys and charts 
of small harbors, and a continuous reconnaissance of the en- 
tire western coast and islands adjacent a great part of which 
was imperfectly known, 1849 to 1867. 

Coast of California : development of a bar at the entrance 
of San Diego bay, 1866 ; a shoal in San Diego bay, with only 
twelve and a half feet water, not on any chart, 1862 ; determi- 
nation of the position and soundings on Cortex ehoal, and of 
a point of rock thereon, 1853 and 1856 ; position of a rock off 
Point San Pedro, on which the steamer " Uncle Sam" struck, 
1855 ; discovery of red sand in soundings, marking the en- 
trance to the Golden Gate, 1855. 

Columbia river : south channel surveyed and made availa- 
ble to commerce, 1851 ; changes of channel?, their southward 
tendency, and a new three fathom channel from Cape Disap* 
pointment, due west, to open water, 1852; further changes, 
1853. 

Coast of Washington Territory: shoals and dangerous rocks 
determined in position, in the Strait of Juan de Fuca, Canal 
de Haro and Rosario straits, 1858 to 1857 
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Additional List for 1858, of some of the more remarkable dis' 

coveries and developments. 

Cdast of Maine : dangerous rocks off Boone island, Cape 
Neddick, and the mouth of York river, determined in position ; 
development of Fishing ledge, Boone island ledge, and Duck 
island ledge; a detached rock two thirds of a mile northward 
and eastward of York ledge. 

Coast of New Hampshire : a very dangerous rock, with only 
six and a half feet water, off the entrance to Portsmouth har- 
bor, about four nautical miles eastward from the Whale's 
Back light; a rock, with twelve feet at mean low-water, about 
four miles and a third eastward of the Whale's Back. 

Coast of Massachusetts : an extension of the sand spit to 
the southward of Sunken ledge, Boston harbor, since the sur- 
vey of 1847. 

Coast of Cormecticut : Luddington rocks, determined in po- 
sition, about ten yards apart, one mile and a half (nautical) S. 
W., by compass, from New Haven light-house. 

Coast of Neto York : Tidal currents in East river, and sur- 
fiaoe and sub-currents investigated in New York harbor, the 
lower bay, and on the bar. 

Charleston harbor : increase of depth developed in Maffit's 
channel. 

Coast of Florida: a new and, deeper channel discovered, 
leading into 8t George's sound (Appalachicola), at the eastern 
end of Dog island, and anchorage connected with it ; shoals 
near the East and West passes of St. George's sound, and a 
new channel found between Si George's and St. Yincenf s 
islands. 

Coast of Caiifomiu: Whiting's rock, determined in posi- 
tion, near " The Brothers," at the entrance of San Pablo bay ; 
a reef developed off the Contra Costa flats, San Francisco 
bay. 

Washington Territory : a bank of three and a half fathoms, 
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about a mile off the S. W. poiat of Sucia island, northern en- 
trance of Washington sound. 

Aid affobdkd to the Light-House System. — The survey of 
the coast furnishes also, as part of its direct results, this further 
and most valuable benefit to the navigator, that it indicates 
the most appropriate points upon which to establish lights, 
beacons, buoys, fog-bells, and whatever other constructions 
may be useful in giving assurance of safety, or indicating the 
possibility of danger. 

For the judicious selection of sites for light^houses, it is nec- 
essary to be in possession not only of the hydrography along 
the coast, but also of the topography of the shore, and of the 
points which become landmarks in connection with the light- 
house. This information we have seen that the Coast Survey 
furnishes, and hence the determination of light-house sites 
seems to be a part of its appropriate functions. Such has 
been the view of the subject taken by the government ; and 
accordingly, in 1852, the construction and general disposition 
of the light-houses of the coast having been confided to a 
Board composed of ofiicers of elevated rank in the army and 
navy, with two civilians selected for their high scientific attain- 
ments, the examination of suitable sites for these structures 
was assigned to the superintendent of the Coast Survey. In 
the six years that have since elapsed, preliminary surveys or 
examinations have been made in more than one hundred local- 
ities on the Atlantic, Gulf and Pacific coasts of the United 
States, and at least half, of the cases reported are based upon 
recommendations for aids to navigation suggested by the As- 
sistants while surveying in the respective localities. 

Aid affobdbd to the Planning of the Defence of thb 
Coast. — The bearings of the Coast Survey on subjects con- 
nected with the defences of the coast, must be passed over by 
the committee more briefly than their importance deserves. 
The eminent soldier at the head of the Engineer Corps of the 
army, on whom the office of discussing them would have ap* 
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ptopriately devolved, was on the eve of departure from the 
country when the preparation of thk report was originally 
taken in hand. A few paragraphs from his letter to the late 
chairman, written a short time before his departure, must be 
accepted as the too succinct expression of his views : 

" I cannot," he says, " refrain from urging you to insist em* 
phatically upon the very important aid that has been rendered 
by the Coast Survey to the system of National Sea-coast De- 
fences, and to the improvement and preservation of harbors. 
For many years the Engineer Department has had no other 
resource than the Coast Survey for the general information 
necessary for the determination of the sites of new fortifica- 
tions. It has often been without other resources as to local to- 
pography and hydrography. It has been enabled, by this aid, 
greatly to expedite the construction of defensive works of the 
highest necessity : and I must not omit to add, that the opera- 
tions of the Coast Survey have, on some occasions, by the 
kind consideration of the superintendent, been specially ar- 
ranged in the order of time, and in the manner, calculated 
soonest to supply our necessities. In relation to the improve- 
ment and preservation of harbors, it may be said, generally, 
that great as the function of exhibiting the coast in its present 
state may be, a not less important one is the detection of its 
disturbances: for only on the exact knowledge of these 
(already found by the labors of the survey to be great and va- 
rious, and often threatening), can any judicious precautions 
and remedies be founded. Under the feeling of these obliga- 
tions to the Coast Survey, I can hardly keep from warming 
up into specification and amplification — for which, however, 
I have no time under the arrangements which are pressing on 
me." 

Testimonials prom the Mbecantilb Community to the 
Value of the Coast Survey. — Should we aim at conceiving 
a definite estimate of the value of the contributions afibrded 
by the Coast Survey to the development of the commerce, and 
thereby to the promotion of the general prosperity of our 

VOL. xni. 10 
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country, we shall find Ihe importance of these laboriously* 
gathered results so to grow upon our minds, as we consider 
them, as to baffle all attempts at computation. 

The amount of wealth (and not less of human life) which 
they have saved from being engulphed in the waves can never 
be known. The degree to which marine commerce, relieved 
by them of many of its perils, has been stimulated into higher 
activity through their influence, must be equally matter of con* 
jecture: so that, in fact, the difficulty of forming any clear or 
adequate idea of these great benefits, grows, mainly, at last^ 
out of their very magnitude. 

To us, whose life is spent upon the land, and whose occu- 
pations little familiarize us with the every^day operations of 
coihmerce, it is only when our attention is forcibly drawn to 
this subject, that we feel ail its practical importance) or reailize 
the far-reaching consequences of the labors we are reviewing* 
But it is far otheirwise with the meEcfaants and the sea-faring 
men of the country. Truths which we leooguize but occsi* 
sionally, and by a special effort of ibe attention, are their daily 
and familiar thoughts ; and thus, whenerver an uttered opinion 
in regard to' the operations of the Coast Survey has been 
beard from such a soume, it has invariably been an emphatio 
testimony to their value. 

Thus, the Insurance Ck>mpanies of ^a^ton aver, that ^ being 
constancy concerned in the security of the navigation of quJq 
own shores, aiid having watched with interest the condilion 
and progress of the Coast Survey," they *^are satisfied that 
every year it is rendering very valuable service to tiie com'* 
merce of the country by its accurate charts and by its' imp(H> 
tant discoveries ;" and they express thehr conviction that ^the 
present organization of the survey is better suited than any 
other to insure the prosperity of this great natioiial woris^ and 
to provide the best judgment in directing its plan^ of opera*' 
tion, and the greatest skill and fidelity in tlieur execution." 

The Chamber of Commerce of New York exult in the ^ en- 
ergy peculiar to our cpuhlary'^ with which the woork has beeii 
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prosecnted, ^^ surpassing that of any other country at any 
time ; " and protest that its ^^ continued prosecution is due not 
only to the interests of our merchants, but as an act of simple 
though tardy justice to the sea-faring classes of the United 
States." 

The Board of Trade of Philadefyhia refer to the rapidity 
and economy with which the survey has been conducted, and 
to the value of its publications to the merchant, mariner, and 
underwriter, and declare that they should view its '< abandon- 
ment, or any limitation upon its present extent and plan, as a 
public injury." 

The underwriters, merchants, and masters of vessels of Bal- 
timore speak of the " various discoveries of new channels, new 
shoals, and other important data on which correct sailing direc- 
tions are founded," as ^' of great value in the navigation of our 
coast and harbors." 

The Chamber . of Commerce of Charleston " consider this 
work as of mare importance to Charle$ton than any work that 
the General Gpvemraient has ever undertaken for it" 

The Savannah Chamber of Commerce^ considering it ^< mat- 
ter of great interest to the people of Georgia that the work 
which has been for some time past going on in the survey of 
our coast should be prosecuted with vigor," resolved that theup 
senators and representatives be ^respectfully requested to aid 
the grant of the necessary appropriation." 

A meeting of citizens of Mobile ^' cordially recommend to 
the favorable notice and action of Congress the continuation 
of an energetic and active prosecution of the Coast Survey, 
as a work of the greatest utility to the various interests of the 
Union, and calculated to reflect honor upon the intelligence 
s^nd patdofism of this country," and that their tha^nks be '< ten- 
dered to Prbfe^soff Bache and the officers under his direction, 
for iihe 2eal and success with which their duties h^ve been per- 
formed in the bay and harbor of Mobile." 

Sfill more cecently than the before quoted testimonial from 
New York, appears a memorial signed by the iQOst iiifluential 
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merchants, ship-owners, and nnderwriters of that port, who, 
"believing that the means of safety are increased by the vigor- 
ous prosecution of the United States Coast Survey, from its 
continually developing new dangers, and locating them so that 
they may be avoided, do respectfully ask that the Secretary of 
the Treasury may urge upon Congress the necessity of in- 
creased appropriations for the purpose of bringing the work to 
a more speedy completion." Also appears a memorial ad- 
dressed to the present Honorable Secretary of the Treasury, 
and signed by underwriters, merchants, traders, manufacturers, 
mechanics and business men of Philadelphia, who state that 
they ^ have for many years witnessed the satisfactory progress 
of the survey of the coast of the United States," and that 
" this great work has already proved of eminent advantage to 
the commerce and navigation of the whole country, by adding 
to the safety of life and property,'* and that, ** believing that 
the benefits to be derived from the active and extended prose- 
cution of the Coast Survey are of a character to Reflect honor 
upon the administration which cherishes and supports it, and 
that we should fail as a people in our ^uty to the world by 
neglecting to acquire the most accurate knowledge of the dan- 
gers that lie upon our extended line of sea-coast and harbors,** 
they " most respectftiHy ask the support of the Coast Survey 
in" the Secr6tary'8 "annual report, and the recommendation 
of ample appropriations for its use." 

Sea-coast Chakges. -^ A careful examination of the list of 
discoveries above gtven will bring to view a fact which, to a 
person unfamiliar with this subject, may occasion considerable 
surprise. More than one in ten of the discoveries of the Coast 
Survey are discoveries of changes in the ocean's bed ; not only 
among shoals at sea, but also within some of our most fre- 
quented harbors, end in the channels by which they are ap- 
proached. Similar changes occasionally occur, also, eVeri in 
the configuration of tlie visible coast line itself. This consid- 
eration is sufficient to show that the hydrographic part of this 
great work cannot, like the geodetic, be, once for all, com- 
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pleted ; but that, in order to maintain permanently in the 
charts the same degree of accuracy which is originally given 
to them, the soundings must, from time to time, be revised, 
and all the changes of depth discovered, carefully noted. 

Tides and Currents. — Another fact, which the attentive 
study of the same catalogue discloses, is, that an acquaintance 
with the ocean currents, and with the irregularities of the tides, 
is of almost as much importance to the mariner as a knowl- 
edge of the depth of the water, or of the form and character 
of the bottom. These things, and, in addition to them, the 
magnetic elements, are, in some cases, for the sake of greater 
clearness, given in separate charts. The present superintend- 
ent of the Coast Survey has devoted earnest attention to all 
the subjects of this class ; and he is especially developing the 
complicated laws which govern the tides on our coast, in a 
comprehensive and masterly manner. The preliminary chart 
of CO tidal lines on the Atlantic coast, and the tide-tables con- 
structed from the observations of the survey, have been already 
incorporated into Blunt's " Coast Pilot ; " for, although the 
whole investigation is still in progress, and is necessarily, by 
its nature, far from its completion, important practical results 
have been developed which have been immediately put within 
the reach of the navigator. Preliminary charts of tidal cur" 
rents have also been prepared for various localities at the oiEce 
of the survey. 

Practically valuable, however, as is the investigation of this 
difficult subject, which, in the present able hands, is proceed- 
ing so successfully, it is of the highest interest also in a purely 
scientific point of view. The problem is one of the few that 
belong to the globe as a whole ; and to us, as possessing a 
territory which borders on the two great oceans, the solution 
of the problem appears to be more especially committed than 
to any other civilized nation. 

The subjects here touched upon, sea-coast changes, tides 
and currents, while, in their practical bearings, as they affect 
the interests of commerce, they present no aspect which can- 

10* 
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not be equally comprehended by every mind, have yet a higher 
aignificancy and stand in a broader relation to the physical 
history of the globe than is likely to occur to any but those 
who have made the operations of nature, as they are con- 
stantly proceeding on the largest scale over the whole surface 
of our planet, the subject of longKX>ntinued and careful study. 
The opinions of such men, in regard to the value of observa- 
tions like those which have just been . occupying us, are of 
much more than ordinary interest ; and, on this accQuat, the 
following, from a member of this conmiittee, whose life has 
been devoted to labors which make him a high- authority 
upon all matters of this description, is given in his own 
words : 

" The observations on the action of tidal and river agencies 
in changing the form, depths, and entrances of harbors, are of 
well-known importance. These changes are so perpetually in 
progress, and in time become so disastrous to navigation, that 
a corps charged with the duty of surveying the coast^ and map- 
ping out the annual variations of sand-banks, headlands, and 
channels, is part of the necessary organization of a well-ordered 
government But beyond this, the Coast Survey, as at pres- 
ent conducted by Pro£ A. D. Bache, is furnishing — in addi- 
tion to the most exact determination of all the features of h^- 
bors, and the special causes of change operating in each, with 
the progressive variations in the action of these causes them- 
selves — that comprehensive survey of the whole continental 
coast, and the movements of the bordering ooe^n, which is 
essential, in order to arrive at the general principles governing 
tidal operations and coast changes. It is mapping out the 
whole grand subject of the Atlantic tides so completely, that 
the special details of each bay and inlet are taking their true 
places in the system; and subordinate to these, also, the 
movements and counter-movements in harbors, which occasion 
their changes in depth and outline. The questions that must 
often come up respecting the improvements of harbors, or 
their protection from encroaching silt or sand, are thus receiv- 
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ing thorough solution by reference to the widest and most fun- 
damental principles." 

The committee here perceive that they are approaching the 
limit at which the practical becomes blended with the scien- 
tific ; and while those results of the survey which remain to 
be examined are by no means deficient in value, nor often 
even in a value eminently practical, yet, since they cannot 
properly be classed among the explicit objects in view of which 
the work was originally instituted, their consideration appears 
most fittingly to fall under the head of Collateral Results. 

COLLATERAL RESULTS. — ADDITIONS TO THE AMOUNT OF SCIENTITIO 

OR USEFUL KNOWLEDGE. 

Contributions to Geological Knowledge. — All observa- 
tion conspires to instruct us that the surface of our earth, un- 
der the action of the elements, is undergoing continual 
changes ; and that the relation existing between land and sea 
is in a state of incessant oscillation. What the Coast Survey 
has disclosed to us, by its severely exact methods of scrutiny, 
of the mutual and steadily progressive encroachments of the 
water and the land, along the entire extent of our own ocean 
border; that, also, successive generations of men, observing 
without method, have, in the lapse of centuries, been com- 
pelled to recognise, as a law of universal prevalence, wherever, 
throughout the globe, these contending' elements come into 
contact ; and that, too, many facts of recorded history attest, 
in instances in which the tooth of time has so completely ob- 
literated all natural traces of the former state of things, that, 
but for the existence of the record, not a suspicion of change 
could ever have been entertained. That, also, many imposing 
monuments of ancient art, colossal mementoes of forgotten 
centuries, once towering sublimely above the pigmy dwellings 
of their builders, but now half-buried in encroaching sand, 
avouch in solemn silence to the curious wanderer of the desert : 
while other ruins, no less interesting, tottering on the margin 
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of the sea, reveal the same truth in the deep-worn evidences, 
which they bear far up among their crumbling sculptures, of 
former watery violence ; and in the still more wasting ravages 
of the lithodomous molluscs which burrowed in their substance 
when the waters, which vainly lash their foundations to-day, 
enveloped them, in some unknown period of the past, half-way 
up to their elaborately wrought capitals. That, also, islands 
upheaved above the ocean's surface within the period of au- 
thentic history, or cities, within the same period, submerged 
beneath its waves — extended lines of coast which the parox- 
ysmal throes of volcanic energy have suddenly elevated many 
feet above their former level, or as suddenly depressed below, 
-*-or which the steady and long-continued progress of secular 
change has lifted or submerged more slowly ; that, also, the 
growth or wasting of the shores under our own eyes, in num« 
bedess localities where no change of the general level is per- 
ceptible ; that, also, the rounded and water-worn forms of the 
pebbles which lie imbedded, in countless multitude, in the su* 
perficial strata of every continent, — and the vast deposits of 
marine organisms which crown the very mountain-tops with 
evidences of once swarming primeval life ; that, in short, an 
almost endless series of unequivocal and most convincing in- 
dications proclaim, in modes as various as the mute witnesses 
themselves, but with a harmony of testimony as inesistible as 
it is impressive. 

Considerations like these invest the researches of the Coast 
Survey with that species of fascinating interest which attaches 
to mystery, and impart to them a portion of the dignity which 
belongs to those grand operations of nature, whose laws they 
assist us to unveiL This noble work is gathering for us the 
statistics of secular progress ; and it is no idle imagining to 
suppose that, out of its systematized results, and those of 
other equally searching investigations already in progress, or 
hereafter to be instituted in other lands, science may yet be 
able to unfold to us all the wonderful history of those stupen- 
dous revolutions which have marked the past, and all the inev- 
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itable transformations which still impend ovef the unknown 
future of our globe. Upon the point here presented^ the com- 
mittee take the liberty to quote once more the language of the 
eminent authority already introduced. 

" Geology is gathering much from the results of the Coast 
Survey. The rocks of the globe have been formed, to a great 
extent, through tidal and current action, many of them having 
been accumulated, just as sand and mud deposits are now ac* 
cruraulating along and off the shore from New Jersey south, or 
as deltas are forming about the mouths of rivers. The opera- 
tions of the present day thus explain those of the earth^s past 
history. Science is hence deriving from the researches of the 
Coast Survey, fects elucidating the whole series of geological 
formations. The surveys of the delta and mouths of the 
Mississippi, of the hcu4)ors of Mobile and Charleston, of Dela- 
ware river and bay, of New York and other bays and harbors, 
are all subjects for profound study with those who would un- 
derstand this great branch of geological dynamics ; and they 
look for other important data from the future surveys, that 
shall exhibit the changes that are now in progress, and the rate 
at which they are going forward. 

** Besides investigating the origin of sea-shore deposits, and 
the causes of their varying features, soundings off the coast 
and in the deeper waters are making the sea-bottom a part of 
terra cognita^ disclosing the positions of its valleys and plains 
and the character of its slopes, and marking out the true limit 
between the continental areas and the great oceanic depres- 
sions. The Coast Survey is thus enabling the geologist to 
extend the area of research, compare the causes and characters 
of submarine ridges with those of the sub-aerial, and trace 
the directions of river channels over the sea-bottom off their 
mouths. 

"By its registers of depth, it is also preparing to detect evi- 
dences of variation of level along the border of the continent; 
or evidences of stability, as the case may be : and this is be- 
coming a subject of practical importance. Suspicions have 
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been thrown out respecting a slowly-progressive subeidence 
along the coast of New Jersey, which, if sustained by a thor- 
ough examination of the facts, suggest a new topic for serious 
consideration to all interested in New York commerce. 
Whether true or not, the point requires examination for erery 
part of the coast of the United States ; and this examination 
it has begun to have, in the accurate system of soundings and 
measurements of the Coast Survey. 

^^ Along the coast of southern Florida, the subject of coral 
ree& comes under the attention of the survey ; and in investi- 
gating the forms and formation of coral-reef harbora, like that 
pf Key West, their rate of filling up, or ihe influence of cur- 
rents in keeping them open, geology is receiving other impor- 
tant contributions from the facts which its operations are dis- 
posing. 

: ^ It may finally be observed, that the study of the material 
biought up by the lead, in the prosecution of the deep-sea 
soundings^ is making some remarkable revelations with regard 
to the distribution of animal life ; and that thus zoology and 
the geography of life are deriving much from the investiga-> 
tions in progress. 

^^ All these scientific contributions are collateral results, inci- 
dental to the great purpose of the survey — results attained, 
not through independent researches needlessly introduced, but 
because they are of necessity involved in the prosecution, of 
the great purpose itself, and thus constitute a part of the evi- 
dence demonstrating the strict fidelity and profound ahUity with 
which it is carried out They flow from the work as its en- 
tirely legitimate fruits, and take their place, of unquestionable 
right, along-side of those other fruits whose legitimacy is uni- 
versally recognized, and in which humanity, as well as coot^ 
merce, is so deeply concerned." 

As somewhat more specifically illustrative of the nature of 
the interesting inquiries connected with this subject^ which ihe 
Coast Survey is solving, or will yet be able to solve, the con!^ 
mittee venture to quote, in addition to the foregoing, the^ub^ 
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joined passage from a communication obligingly furnished by 
another geologist, standing deservedly high among the scien- 
tific men of the country : 

*f The Mississippi river," observes this gentleman, " presents, 
perhaps, the most magnificent example in the world of a large 
river discharging abundant sediment into an almost tideless 
sea. In the Gulf of Mexico, therefore, we have the best op-^ 
portunities of studying the phenomena of river deposit The 
distribution of the various kinds of sediment brought down 
by the gieat river, the slope of the submarine bank, destined 
to be gradually transformed into delta and added to our terri- 
tory—these would be problems worthy, in themselves alone, 
of the attention of an enli^tened government And these! 
important problems have not escaped the attention of the ac- 
complished superintendent ; as may be seen in the report for 
1856, map No. 40, where the distribution of sand, mud and 
ooml-mud ia carefully laid down. But there are several paints 
of interest which deserve further attention : It will be seen, by 
reference to the map just mentioned, that the lines of equal 
depth approach each other near the mouth of the Mississippi, 
showing that the submarine bank formed by the deposit of this 
river has a very rapid slope toward the south. Near the 
nlouth of the river runs the line of six fathoms; about ten 
miles soutli, the line of fifty fathoms ; and from this point the 
bottom slopes so rapidly that, at the distance of three or four 
miles more, a line of two hundred and thirty-six fathoms found 
no bottom, making a difference of nearly eleven hundred feet 
in this short distance. Thus we have a considerable inclination 
of siirata over large areas, produced by the natural agency of 
wai&r alone. It is possible, however, that the steepness of the 
slope may be, in part, due to the existence of currents {e. g. 
Gulf-stream), sweeping across the mouth of this river at some 
(fistanoe^ and carrying away sediment which would otherwise 
be deposited further out It is important to ascertain how far 
this southward slope is modified by the existence of any such 
cutn&nt. 
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« The same map shows that, on the Gulf side of the penin- 
sula of Florida, the coral bottom (probably coral mud) ex* 
tends as far north as Tampa bay. It would be extremely 
Iftteresting to deterrriine whether there is any return current 
carrying coral mud from the southern point and keys of F^o^ 
Ida, northward, or whether, as is much more probable, we have 
here additional evidence of the fact that the coral formation of 
the peninsula extends northward as far as Tampa. It will be 
tecolleoted that, according to Tuomey, the eocene may ht 
4raced as far south as this point.- It would be important td 
ttace, in a similar manner, the coral deposit on the east side of 
ihe peninsula as far as possible," 

■ Were it thought indispensable in this report to pursue a 
method severely logical, it Would be' proper here to complete 
-whatever remains to be eald in r^gArd to the aid which the 
survey of the coast is rferidering t6 geological science. Inas* 
ttiuch, however, as the formation of submarine strata depends, 
as'we have seen, in great measure upon the distribution 6f 
sedimentary matter through the agency of currents, and inas- 
much as the greatest of all the currents in our wAters, 6r in- 
deed in the waters of any known sea, has been a subject of 
bpfecial study and elaborate exploration, under the direction of 
the superintendent of the Coast Sutvey, it has seemed con- 
venient to defer the consideration of the relations of that great 
stream to geology until some account shall have been given of 
ttie character of the observations made upon the stream itself, 
and of the results which those observations have gathered. 

ExPLORATioK OP THE GuLF STREAM. — The observations made 
in the progress of the survey of the coast, with regard to the 
currents of the ocean, and particularly with regard to the Gulf 
stream and Labrador current, are in point of importance not 
mferior to those made on the tides. The oceanic currents 
embrace completely the whole globe, and follow as regdlaTly 
an established system in their movements as the blood cifcu* 
kiting in a living being. This, therefore, in its most general 
a^iectsy is one of those world-wide subjects which nations 
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should undertake to investigate ; but, in the actual discharge 
of the duty thus resting on them, it is fitting that each nation 
should explore, with special attention, the seas that wash its 
own shores. To ourselves, whatever relates to the Gulf stream 
possesses a paramount interest, since every vessel which ap- 
proaches our Atlantic coast from abroad is compelled to cross 
this great river in the sea. In the exploration of the stream 
which the Coast Survey has undertaken, the velocity and di- 
rection of the current at all points are, of course, primarily 
noted ; but especially is the temperature of the water made a 
subject of very careful study in all parts of the stream. The 
distribution of temperature in the axis of the stream, at dif- 
ferent depths, and in sections at right angles to the axis, has 
been diligently investigated, and is exhibited, so far as it has 
been hitherto ascertained, in preliminary charts. The investi- 
gation embraces, also, the position of the axis of the stream at 
different seasons of the year, with the variations in its breadth, 
the changes in the distribution of temperatures at different sea- 
sons, and the connection of the figure of the bottom with this 
distribution ; also, the characteristics of the inner cold current 
making in a direction opposite to that of the Gulf stream ; all 
of which points are materially interesting, not only to general 
science, but to practical navigation. With the aid of the per- 
fected map of this stream, and of its attendant counter-current, 
such as the survey will eventually bring forth from its accumo^ 
lating materials, the navigator approaching our coast will obtain 
most important indications of his position. The color of the 
water itself will be one of these ; but a more interesting one 
will 'be found by merely consulting the temperature of the sea, 
extending the observations to different depths below the sur- 
face, as well as noting the superficial temperature. Thus the 
remarkable and sudden change of temperature which occurs 
along the inner edge of the current, the warm water of the 
Golf stream being confined as it were by a "cold wall" of 
water (a term happily applied to it by Lieut G. M. Bache) is 
a valuable practical guide ; yet, in order that it may be a safe 
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one, the laws which govern the position of the "cold wall'' 
at different seasons, must yet be carefully determined^ Tins, 
and Tarious matters of interest still unsettled or obscure, can 
be properly developed only by a series of observations, extend- 
ing over a number of years. The Coast Survey is, in fact, 
now supplying what Humboldt, so long ago as the year 1804, 
clearly set forth as important desiderata in relation to the Quif 
stream — a subject to which he had devoted much careful at- 
tention. . [Personal Narrative, &c., chap, i.] 

We may, at this point, with propriety resume the subject, 
deferred in the discussion of the topic last considered, of the 
relations of the Gulf stream to the submarine deposits hereto- 
fore formed, or still in process of formation, upon our shoies 
and beneath the waters of the neighboring seas. The forma- 
tion of shore deposits, whether in tideless or in tidal seas, has 
been investigated to some extent elsewhere, particularly under 
the direction of the English government, in the British seas 
and the German ocean; but of the deposits of oceanic ear- 
tents in deep seas, we know uothing but what has been r^ 
vealed by the Coast Survey. 

One of the most important contributions by which Ameri^ 
can geology has ever been enriched^ is the discovery made by 
Agassiz, under the direction of the survey, that the peninsula 
of Florida is of recent origin ; that it has been formed, in f a(^, 
by the growth of successive coral reefs, one outside of the 
other, from north to south; and that this progressive growth is 
still slowly proceeding. It is, however, the plausible eugge»- 
tion of Prof. Joseph Le Conte, that, iq order to furnish a foua*- 
dation on which the corals might build, it is necessary that 
some previously acting cause should be taken into the accomnt; 
inasmuch as probabilities favor the supposition that the wati^r 
in which the present reefs are found has been, at a former pe- 
riod, too deep for the operations of these ppLyps. /Such a 
cause he finds in the great stream we are considering. The 
waters of this stream, emerging £rom the Gulf of Mexico 
highly charged with sediment, and sweeping in a ou^?e aromn} 
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the poitit of Florida, must, in his view, according to the laws 
of i'.urrent action, have deposited a portion of their suspended 
inatter within the curve. And thus, as he supposes, a subma- 
rine bank has been progressively formed, extending slowly 
southward, upon which the distinct reefs pointed out by Agaa- 
sii: have been successively built Whether or not this theo- 
retic view is correct, is a point in regard to which geologists 
will, look with interest to the investigations of the Coast Sui^ 
vey to determine. 

Another interesting class of facts, associating itself natiirally 
with the explorations of the survey, is that which relates to the 
agency of the Gulf stream in determining deposits in the open 
ocean. The velocity of tiiia powerful current, as it rushes 
through the straits of Florida^ is not less than five miles an 
Jioux ; and with this great velocity it emerges to the nortb- 
W9xd into a wider sea. It is; a property of currents, in such 
cases, to form an eddy on either side : and if the stream bear 
sediment, a bank is the necessary consequence. A notable in*- 
stance of this is seen in the tsdal current which rushes through 
the British channel into the German ocemi^ forming eddies 
which have resulted in the production of submarine banks. 
.^be Bahama banks lie east of Florida, separated from that 
peninsula by the Gulf stream, and just in the position in 
.which the existence of the stream would natuiully lead us to 
jdok for such deposits. Upon these banks, also, coral reefs- and 
keys have been formed. It is highly desirable that they shodld 
be. further examined with reference to this point, and it is to be 
hoped that the operations of the survey tiiay be so extended as 
to coyer them. 

The very remarkable configuration of • the sea-bottom in and 
lU30Ut the Oulf stream, which has been so beautifully brought 
oicrt try means of sections in the Ck)ast Survey report of 1858 
{map^ No. 15 and 16) is a fact of great importance in a geo^- 
fe>^cal point of view. Commencing from the coast, the sea* 
bottom deepens very gradually, so that, at the distance of fifty 
mites, only the depth of twenty, fatboms is attained. Fmm 
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tiii^ point, the bottom slopes rapidly down to very great depiJ« 
Thus the Gulf stream runs Bke a river which has overflowed its 
banks. ' Now ihis submarine river-bank exists sdl along the 
coast side of the Gulf stream. It is upon the margin of this 
bank that the coral reefs of Florida have probably grown. The 
bank may have been produced everywhere, by deposit from 
the Gulf stream ; or it may be true that its formation has 
been the result of sediment from all the Atlantic rivers, depos- 
ited for a certain distance off shore, and then, as it were, cut^ 
off and carried away by the current of the stream. Both, 
causes have, not improbably, been concerned in producing the 
observed effect ; but the question is one which cannot be re-' 
garded as settled, and one on whitih the Coast Survey will yet 
probably shed much additional light 

The sections already spoken of, in addition to the lateral 
bank just mentioned, reveal the existence of enormous ridges 
and correspondingly profound hollows, running in the direction 
of the stream, and therefore nearly parallel to the coast. The 
stream is, moreover, divided longitudinally into several alter- 
nating bands of warm and cold water; the bands of warm 
water corresponding to the hollows, and those of cold water to 
the ridges. These bands and corresponding hollows and ridges 
commence at Cape Ca&averal, and extend to a great distance ; 
becoming, however, more indistinct as we go further northward. 
One of the cold bands runs along the lateral bank, and \h that 
which has been already mentioned under the name of the " cold 
wall" of the Gulf stream. In this, a slight return current 
has been detected ; but whether or not the current is perma- 
nent, is a question yet to be definitely settled. 

Now the origin or occasion of these cold bands is a question 
of the highest interest It may be inquired. Are they bands of ' 
Atlantic water, alternating with the water of the Gulf, or are 
they the cold water of a return polar current, deep-seated gen^ 
erally, but rising somewhat nearer the surface along these lines ? ' 
It is very important, in view of these questions, that the direct 
turn of the current of the cold bands should be determined, 
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aiicl) if the w^rm and cold waters tend in the same direction, 
that their relative velocity should be ascertained. 

. It is, again, a question of no less interest than the foregoing 
to what cause we are to suppose the alternating ridges and 
hollows to be due. Possibly they are mountain ranges, with 
their corresponding longitudinal valleys ; constituting, thus, a 
submarine system parallel to the Appalachian chain. Possibly 
they are only lines of sedimentary deposit, determined by the 
existence of the cold bands of comparatively still water, or^ 
perhaps even of return currents. If the latter supposition be 
correct, then the ridges should decrease in height as we go 
north; for the sedimentary matter must sink, as it is borne 
further, to a lower level. And even if the former be the true 
supposition — that is to say, if these elevated ridges are monn* 
tain chains of igneous origin*-^ it is still possible that they 
may have undergone great modifications of form, from the 
subsidence upon them of the matters held in suspension by 
the waters of the Gutf stream. 

The cunents of the ocean suggest, by natural association, 
the movements of the more subtle medium above it — move- 
ments no less important to the navigator than those of the 
ocean itself, since the question of his safety is often depeni> 
dent upon the degree to which they may be favorable or ad« 
verse. On this subject the Coast Survey has already accumu*> 
lated much valuable information ; and in its further progress it 
will unquestionably gather much more. It is, therefore, one 
which may appropriately claim the next place in this review. 

Contributions to Mbteorological Knowlbdqb. — It is 
obvious that a correct knowledge of the force and prevailing 
direction of the winds in different seasons of the year, espec- 
ially in the vicinity of harbors, must be of the highest impor« 
tance, not only to the safety of vessels and their cargoes, but 
to the security of human life. The physical causes which give 
rifee to the great general atmospheric currents may be consid- 
ered as satisfactx>rily established ; but the influence of local 
causes in modifying these currents is yet very imperfectly un- 

11* 
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derstoocL It is well known that the direotion of moiuiiam 
chains and river valleys frequently determines the course o£ the 
prevailing winds* This is strikingly exhibited in various plaees 
on this continent, and especially in the valley of the Hadaoa 
and Mohawk. And the analogoas conditions which every line 
of coast presents, lead to the necessary conclusion that sndi 
modifications of atmospheric currents must be produced by 
them rveat the Umd, which must either be very serviceable or 
very dangerous to the navigator, according to the state of his 
information. 

Obeervations bearing on this question have been incidea- 
tally made, in connection with the tidal observations of the 
Coast Survey, under the judidons guidance of the superin- 
tendent ; and these are sufficient to throw some light on the 
laws which regulate the winds at certain points along out 
coast. At Fort Morgan, at Mobile point, and at Cat island 
light*house, near the entrance to Lake Boi^e, the obser* 
vations have given evidence of local peculiarities, at once itt* 
teresting to science and important to navigation, distinguish- 
ing the winds which prevail in this part of the Gulf of Mex^^ 
ieo. The remarkable frequency of north winds at this point, 
and the absence of west winds, so strikingly brought out in 
the graphic delineations of the superintendent, are probably in 
a measure due to the influence of land. 

The effect of the winds, according to their varying force and 
direction, upon the level of the water in harbors and inlets, is 
another interesting result incidentally developed by the survey, 
in connection with the investigation of the tides. The discus* 
sion of the observations made during the bydrographic sur- 
vey of Albemarle sound, clearly indicates the influence of the 
wind on the height of the water, and has furnished the means 
of tracing several anomalous effects up to their true causes. 
A similar discussion of the influence of the wind on the tides 
in Cat island harbor on the Gulf coast, leads to the same gen^* 
eral conclusions, with differences in the numerical details, 
which are of high scientific interest. The observations con« 
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ducted for some years past at Key West, Fort Morgan, and 
Gaiv^estoD, and a careful investigation of the winds of the 
Gulf coast, made for purposes of navigation, and as deter- 
mining the working season of the Coast Survey, have already 
led the superintendent to many valuable deductions ; and it is 
highly desirable that similar observations should be made at 
every point commercially prominent along our ocean border. 
Such researches have an obvious bearing on the safety of navi- 
gation ; and those which relate to the effects of winds on the 
waters of harbors and inlets are absolutely indispensable, in 
Older to secure the necessary accuracy in the hydrography of 
the coast. 

Other questions 4X>nnected with atmospheric influences 
which the survey may yet clear up, can be but hinted at. 
Such are, for instance, the effects of rain or drought upon the 
height of the water in those harbors, inlets and bays which 
receive the waters of extensive hydrographic basins, and the 
inquiry, how far the mean level of the ocean is affected at any 
given place by the pressure of the atmosphere upon its sur- 
face» 

Contributions to our Knowlbdob of Terrestrial Mach 
NETISM. — Ever since the directive property of the magnetic 
needle became known, that little instrument has been regarded 
as an indispensable part of the outfit of every vessel navigair 
ing the seas. Its utility to the voyager is of so universal noto- 
riety, that no argument is necessary to prove the value of any 
species of research whose result is either to add to the sensir 
tiveness of the instrument itself, or to perfect that knowledge 
of the earth's magnetic influences which is essential in order 
that its indications may be practically truthful or trustworthy. 
The use of the compass is to denote to the mariner the posi- 
tion of his meridian ; but the needle itself very rarely coincides 
in direction with the meridian. What, therefore, the mariner 
must know, if he would not be misled by the very guide in 
whose infallibility he often for days together implicitly trusts, 
is the exact amount, in angular measurement, by which the 
visible indication of his instrument is fallacious. 



128 KKPOET ON THE COAST SURVEY. 

Now, the magnetic meridian is, of course, l^id down upon 
the charts. But this meridian is not fixed. Its position on 
the chart is true only for the time when the chart is coa'- 
structed ; or mther, for the time when the observations upoa 
which it rests are made. It is therefore an important problem 
to determine, if possible, by what law of change the positSDn 
of this meridian is affected, at every point of the coast. Sat 
it is entirely evident that this can be done only by comparing. 
ob$ervations regularly made during a long period. It can be 
done, in short, in no other way but by that species of patient, 
and laborious, and protracted observation, carried on simult£i* 
neously at a large number of scattered stations, which, in the 
eailier part of this report, has been described as the method 
which the superintendent of the Coast Survey, vfiih all that 
ability and knowledge of terre«(trial magnetism for which he is 
dietinguished, is actually pursuing* These observations are 
not, of necessity, confined to the immediate coast. It is, ow 
the contrary, desirable, and even requisite, that they should be 
extended into the interior of the countjry, in order to develop 
the curves of equal declination (isogonic lines), or those, ii 
other words, upon which the variation of the compass is the 
same. The determination of these curves by observation at 
sea, with the precision requisite for the development of th^ 
laws of change, is almost if not quite impossible ; but from 
the curves on land, extended beyond the coast, all that can be 
desired will be finally attained. What has been thus far done 
is exhibited in valuable preliminary charts. It is hardly nec- 
essary to observe that the collateral investigation of the mag- 
netic inclination, or dip, and of the intensity of the magnetio 
force, constituting, indeed, an essential rather than a colla.teral 
part of any investigation relating to terrestrial magnetism, 
have been prosecuted pari passu with that of the declinatioo. 

The results thus gathered possess a double value; for while, 
to the mariner, they associate themselves with questions which 
involve his personal safety every day and every hour, to the 
philosopher who devotes himself to the study of nature in hier 
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myBteriottsly varied manifestations of force, they possess a cu- 
rious interest which grows with the aliment it gathers, and 
stistains his zeal in quest of clearer light, under all the oppres- 
sive labor of observations multiplied without limit, and of re- 
ductions indescribably tedious. 

But there is another species of importance attaching to the 
results elicited by the investigations we are considering, which 
recommends them to the attention and favor of citizens of 
every class. It has already been intimated that the direction 
of the magnetic needle is not only in general not due nortfa, 
but that it is widely diverse in different localities, and never 
constant in the same locality. Near our extreme north-eastern 
boundary, for example, the deviation is at this time fifteen de- 
grees to the west of north, while on the borders of the Pacific 
ocean it is no less than twenty-one degrees to the east of north. 
Between these limits it ha» every intermediate value. Now, 
were this state of things permanent, we might accommodate 
ourselves to the diversity, wide as it is ; and when once the 
actual variation had been ascertained for every locality, no 
further inconvenience need be experienced. In the early his- 
tory of this science, and before the fact had been detected to 
what an extent the declination of the needle is subject to 
change, it was regarded by the British government as a matter 
of so high importance to ascertain the true amount of the deo- 
lination in every part of the world, that the celebrated Halley 
was sent out in command of a government vessel, to circum- 
navigate the globe at the public expense, in order that he might 
gather materials for the construction of a magnetic map of the 
world. His mission was faithfully accomplished, and the re- 
quired work was executed in a manner worthy of all praise ; 
but hardly had his map been given to the world before the 
steadily progressive natural changes of the earth^s magnetic 
forces had vitiated all its indications, and rendered it, for the 
purposes intended, practicaUy useless. 

Now the manner in which these changes affect landsmen 
will require no explanation, when it is recalled to memory that 
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• 

all the boundaries of landed property are run oat by the help 
of the magnetic needle. But the line which bore due nortb, 
by compass, or bore in any other specific directi&'n, twenty 
years ago, or ten years, or even one, varies from that-direcii(5b 
at present very considerably. When, therefore, a not very well 
informed surveyor (and there are a good many such in- the 
country) attempts to use these former bearings to fix the littt- 
fences of a farm, he runs out a new piece of land, of predisefy 
the same size and shape as the original tract, but with no sin- 
gle one of its boundaries coinciding with the original lines; '<so 
that the new piece of ground thus laid out overlaps the 'ne^hi- 
boring farm on the one side, and leaves a gore between it and 
the neighbor on the other. Then comes litigation in its moat 
perplexing form. But these embavrassments will be removed, 
for all future time, from all places included within the range to 
which the magnetic observationd of the Coast Survey may .e(x> 
tend. The survey not only gives the actual variation atdefi.* 
nite dates, but, by a beautiful application of niathematiind 
principles, Involving most abstruse coasiderations, it has lie- 
duced the law which governs the changes, and made it possible 
accurately to predict thdr future, and to reveal their pasti - [ 

The Coast Survey reports for 1855 and 1856 contain' iaUes 
of magnetic observations and charts of the magiietib dectina-i 
tions, dip and intensity^ in which the information thus f ar doiw. 
lected is presented in ^ very perspicuous form. Disoussioaia^jaf 
tb© law of secular variation, with diagrams illustrative of the 
same, are also given there. 

' The true bearings between the Coast Survey stations b^g 
known, and published in the lists of Geographical positBons 
(O. S. reports for 1861-63-55-*57), it is a very sin^ple vsiailteT 
for a surveyor, living in the vicinity of such stations^, to asoefv 
tain the variation of his compass at any time by observing^tke 
compass bearinff of a line between such stations.* i in ma«tyiiiw 
stances the assistauis in the Coast Survey have^ ^Iso'^ j>iaii^;ed 
meridian marks, at the request of local authoritferi, tb- lidllitete' 
the ascertainment 6f the variation of the needle. •'■'' - ) ' 
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BsAEiNa ON Gbodbtic Surveys oe the States. — It has 
been seen that the ordinary methods of surveying are unsuited 
^ the work of delineating the boundaries and territories of a 
State. In fact, that which is called a State map in our coun- 
try is rarely more than a forced combination of county maps, 
these made up in turn from the surveys of townships, or else 
determined by arbitrary guess-work. It is obvious that the 
towaships, however accurately surveyed by compass and chain, 
can never be represented truly on the composite map of a 
country ; and that the maps of counties so made up cannot be 
brought together so as to exhibit a correct view of the State. 
If the surveyor has assumed a southern angle as his point of 
(feparture, each northern line will be too long ; and if his sur- 
vey >has begun at the northern extremity, all his southern lines 
will be too short Errors similar in their result will attend the 
nmning of eastern and western boundaries ; and at last, with 
all these errors, both of latitude and longitude, the lines of the 
fiforvey must be cut down or extended^ to bring them into some 
semblance of relation with the equally erroneous lines of the 
divisions which are to surroiand it on the map. 

It is within the knowledge of almost every land*surveyor in 
tbe older States, that the surveys under which titles were made 
firom the first proprietors almost invariatily overlap each others 
or leave vacsant gores and quadrangles between them. Nor 
has this wholly resulted from the changing variation of the 
compass, though we have seen that that cause may easily pro-* 
duce the effect ; but from fundamental enor in the principle on 
wfaioh common field surveying rests -^ error which rapidly 
opens out, as the area surveyed is enlarged* So notorious and 
general are, or have been, these conflicts of title, that courts 
b«ve long since held that wherever natural, or even artificial 
laadoiarks can be found, tbe angles and lines of the record are 
to>jgive plaoe to them. Let any one compare the modern trace 
df a raiiiroad with a map of the State which it traverses, and 
ha will find that neither the bearings nor the distances agree. 
Let him undertake to measure tbe farms which are contained 
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within any one of the measured triangles of the CJoast Survey^ 
or, if he prefer it, within the local map of his own township, 
and he must not be surprised to find — for he assuredly will — 
that the whole is either greater or less than the sum of the 
parts. 

In older countries more than in our own, yet quite enough 
even among us, this has been recognized as a serious evil, em« 
barrassing titles, inviting litigation, and, in so far as such cauaed 
are operative, discouraging and impeding agricultural progresa, 
The result abroad has been, that the government has assumed 
tiie burden of ascertaining for 'every man the true boundaries 
of his landed possessions. The geodetic map of Fraaice 
marks down the lines of every farm as definitely as it does the 
site of a light<-house, or the course of a stream. The ordaaace 
maps of England are some of tiiem on a minor scale; bat 
their tracings are almost equally minute: while the mere re- 
cent surveys of Scotland and Ireland are expanded to the pro- 
portion of an inch to the acie, and note even the minor subdi* 
visions of fields and messuages — u scale not too lai^e, where 
the revenues of government are derived in part from a tax on 
lands. 

Should it be determined hereafter, by any of the States of 
our Union, to frame an accurate map of its territory, the Coast 
Survey will have furnished many of the indispensable ^e* 
ments. It has determined for us the absolute position on the 
earth's surface of at least some of the moat noted points of 
our domain ; and of these several are in the interior of the 
country. Such determinations, far from the ocean, may ap- 
pear at first sight to have no natural connection with a coast 
survey. The necessity of longitude determinations on the 
coast itself, is obvious enough to any one ; not only because 
they are an essential element of the geodesy, but because they 
afford the mariner convenient opportunities of verifying the 
sea-rates of bis chronorbeters, by comparing the wdU-deler- 
mined longitudes of these points with those which the chro- 
nometers give when he visits them. Neither of these dejects 
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seems to be subserved by longitude determinations in the heart 
of the country ; but when we recall the extent to which the 
telegraph has been of late years called into use, in determining 
differences of longitude between distant points in our country^ 
it will be seen that it is a question of secondary importance 
precisely where those places are situated whose longitudes 
fifom Greenwich are first accurately settled, in order that they 
may be used as standards of comparison for the points on the 
coast with which they may be in electric communication : and 
accordingly the points first and most naturally selected will be 
those, no matter where, at which facilities already exist for 
making accurate astronomical observation. Such points, for 
example, are Hudson and Cincinnati, Ohio, both of which 
plajces are provided with permanent observatories. Another 
relation, also, these interior longitude determinations have to 
the coast survey. With the march of the telegraph they wiD 
be pushed forward to the west, and at no distant day they will 
form a grand chain extending a<»ross the continent, serving in 
a most satisfactory manner to verify the independently deter- 
mined longitudes of the Pacific coast 

For the present, however, our interest in these determina- 
tions is found in the assistance they will render to any trian- 
gulaiion which may be set on foot, for the construction of an 
accurate state map. The number of them which the coast 
survey has made is considerable, and will be greater as the ne- 
cessity or convenience of the survey may require; but as every 
such determination is attended with some expense, they are 
not of course multiplied, except on such considerations. The 
existence of the work, however, affords our legislatures a very 
favorable opp<Hrtunity, if they will avail themselves of it, by 
tiie exercise of a moderate liberality, to secure the exact lati- 
tudes and longitudes of all their capitals, and all their principal 
cities^ 

Another facility toward the institution of geodetic surveys 
of the States m&y be found in the numerous perfectly ascer- 
tained base lines which the survey has measured, and which 

VOL. XIII. 12 



134 BEPORT ON THE COAST SURVEY. 

may be used as the foundation of a local triangulation extend- 
ing into the interior of each State from the ocean; till at length 
the Atlantic and Pacific surveys may verify each other in the 
axis of the continent. 

But more than this, in the work as prosecuted along the 
coast, a system has been introduced and perfected ; and in any 
future surveys, which may be undertaken, no part of the pro- 
cesses will be tentative or doubtful. The work of State surveys 
could therefore be done with the highest expedition and the 
least expense compatible with the nature of the undertaking. 
And finally, under the auspices and the instruction of the 
present energetic superintendent, there have been training up 
a body of highly educated, active, efficient and disciplined 
men, zealous in their profession, and familiar with every detail 
of field work, computation and record, that can enter into the 
geodesy of a State. 

All this the survey has already done in the way of facili- 
tating the execution, by the action of the individual States 
themselves, of a work so greatly on many accounts to be de- 
silked, as a geodetic survey of the whole country. But there 
is one work more which it seems almost indispensable that it 
should yet do, by way of securing the highest perfection of 
accuracy to its own results ; and which would greatly increase 
the facilities we have been considering, while it would at the 
same time extend them into a number of the interior States 
beyond the limits of its present operations. The work here 
intended is a triangulation, in a direct line from Maine to Ala- 
bama, striding along the Appalachian chain, the back-bone of 
the country, executed for the purpose of checking and verify- 
ing the seaboard triangulation. The facilities for large trian- 
gles afforded by the elevated summits of this mountain system, 
would make it practicable to span the whole distance by a 
very few steps, involving a far less liability to accumulated 
error than the triangulation along our circuitous coast; of 
which a large portion^ low and densely wooded, excludes the 
possibility of long lines of sight. This air line triangulatiouj. 
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measuring the chord of the great arc formed by our Atlantic 
and Gulf coast, is, in the opinion of this Committee, so emi- 
nently desirable, that they cannot but express the hope that it 
may receive the sanction of Congress at a very early day. It 
would furnish, directly, base-lines for the geodetic surveys of a 
great number of States, some of which do not yet possess any 
thing deserving the name of a map of their territory. This is 
the case with all of the original States, Massachusetts excepted; 
these not having been, like the younger members of the con- 
federacy, mapped by the system of public land surveys. The 
maps constructed upon the data furnished by the latter, are, 
indeed, in a great degree illusory ; and they must eventually 
be superseded by proper surveys: but the errors and contradic- 
tions found in attempting to construct a map of one of the 
older States from existing local surveys, are enormous, and 
admit of no accommodation. 

It is indeed gravely to be regretted that the surveys of our 
public lands are not conducted by the methods of geodesy. 
The system now in use found its apology at first in the want 
of scientific familiarity with the subject in this country. Its 
essential errors are only beginning to unfold themselves in the 
experience of the settlers ; but they are errors which, from their 
very nature, must go on enlarging themselves in accumulating 
ratio. A system of triangulation would have made the nomi- 
nal limits and areas correspond with the actual ; and would, 
at the same time, have constructed a series of maps of the 
new States without cost, and absolutely accurate. 

The belief is held by some among us that it is not the oflice 
of the Federal government to institute a survey of the entire 
domain of the nation. Such convictions the Committee can 
respect, though they can by no means unanimously partake 
them. But whatever variety of opinion may be entertained 
on this point, surely no one will regret that, in the exercise of 
a power which is unquestioned in any quarter, the government 
of the Union has stimulated the governments of the several 
States to undertake a work in the exercise of their own sever- 
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eigoty. It is sorely well that opeiatioiis whk^ like those of 
the CSoast Snrveyj are made iinperatiYe by the exigencies of 
commerce and of a general system of defence against for- 
eign invasion, should also profier benefits to those States 
which do not share directly in the hazards of navigation^ nor 
need fortresses to protect them against the approach of an 
enemy. 

BsABiNO OK Works of Internal Imfrovsicent. — In the 
earlier part of this report, a brief description is given of the 
field operations by which the topographical featores of the 
land bordering the ocean are ascertained and delineated. It 
WHS there stated that the lines of equal level are drawn on the 
map at definite distances from each other, measured not from 
line to line on the map itself, but vertically from one horizontal 
plane to another ; the lowest of these planes, or the plane of 
reference^ being the level of the sea. To make the principle 
of this delineation, if necessary, still more clear, the shore-line 
itself, or the line where the land and the water meet, may be 
taken to represent, or may be regarded as being, the lowest, or 
zero contour line. Let then the water be supposed to rise to a 
level twenty feet higher, as it might actually do in some places, 
in the daily flow of the tide ; and a new shoreline will thus be 
formed, running into the valleys and jutting out at the points of 
the hills. This would be the second contour line of the topo- 
graphical map. Let another and another rise of equal amount 
take place successively, and a series of contour lines will be 
formed, which, when delineated on the map, will be near 
together where the natural slopes are steep, and far apart where 
they are gentle. Such are the lines which the survey deter- 
mines. Drawn on the map, they show to an instructed eye 
the form of the ground more precisely than the moat perfect 
model conld do ; and by far more satisfactorily than an inspec- 
tion of the ground itself, which no eye or mind could grasp in 
one perfect whole ; or, if it could, could estimate in regard to 
the relative level of points remote from each other horizontally, 
with any sort of precision. For that the ground itself, if it could 
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posfsibty be seen all at once by the engineer, might be to him 
all that the map is, in making up his judgments, it would need 
to have traced on it those very contour lines which are actually 
traced on the map. 

The great practical use of such maps is, that a line of road 
can be at once, by their help, planned out in such a manner as 
to have the easiest grades and the gentlest curves, all obtained 
at the least cost that the work admits. Often, too, they sur- 
prise and delight the engineer, by indicating a line of gentle 
elopes and easy execution between important points already 
connected by a road running over high hills and descending into 
deep valleys. These revelations are made by the survey inci- 
dentally, no doubt, but necessarily, just as the mapping of its 
systematic soundings {a process precisely analogous) has already 
revealed important channels, before unknown, though leading 
into some of our most frequented harbors* 

The advantagies of such maps, however, can be but imper- 
fectly realized by the Coast Survey, as its topography is re- 
stricted to a najTOw belt along the coast ; but the advantage 
whiob might accrue to the commoiiwealth, from complete topo- 
graphical surveys of the interior, on the model of the Coast 
• Survey, cannot be overestimated. Of similar maps of Great 
Britain, a distinguished engineer, Mr. Vignoles, recently testi- 
fied in the following emphatic words : " I can lay out on the map 
the gerleral line of a railroad to within twenty or thirty yards, 
and say to my assistants, ^ That is the general line : fill in the de- 
tails ; * — whereas, if I had not the advantage of that map, I 
must go to much trouble and expense in doing that which I 
here find already arranged to my hand." The same engineer 
speaks of the value of similar maps in the Grand Duchy of 
Baden ; and adds, ^ In Switzerland I found some portions of 
the contours so accurate, that the line actually levelled, after I 
haid sketched it out, differed scarcely at all from the section 
produced by plotting from the contours." These maps will 
even supply an approximate estimate of the cost of a proposed 
road ; and by their portraiture of the country which it is to lay 
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open, will enable mi to approach yery nearly to its probable 
xerenne and profits. 

BeABINO OS THB AdYAKCEHKNT 07 ScDDfCB IK GkBTBEAL. — 

The infloence of the Coast Survey in promoting scientifie 
tastes, and in stiraolating scientific activity in onr country, has 
been nnquestionably great This influence has manifested 
itself not only in the zeal and interest which it has awakened 
in the stndy of abstract thewy, bat in the amount and refine- 
ment of skill which it has introduced in the application of 
tiieory to practice ; not only in the spirit which it has difiiised 
with regard to the observation of nature, but in the happy in- 
genuity which it has developed and set at work for the perfec- 
tion of methods of observatimi. It has been itself, in the first 
place, a school of scientific practice, in which many of the 
younger officers of our navy have been thoroughly trained in 
all the details of hydrographic surveying, and in which officers 
of the military arm have been familiarized with the delicate 
operations of geodesy. Many civilians, also, have received 
similar scientific training in the same school, whose proficiency 
and enthusiasm in their profession have first directly profited 
the Government in connection with this great public work, 
and have afterwards, in their retirement from the service, car- 
ried into other spheres of action a species of attainment of the 
rarest, and in our country at the present day, of the most prac- 
tically valuable kind. 

The investigations undertaken by the Ck>ast Survey, in spe- 
cial branches of physical inquiry, have likewise added greatly 
to the interest of the meetings of the Association, to which 
this committee owes its appointment ; having been constantly 
prolific of communications possessing the combined merits of 
novelty, variety, and value. They have thus aided materially 
in keeping alive, and in stimulating to higher efibrts, the spirit 
of scientific research among the members of our own body, 
and, through them, operating upon the tone of public senti- 
ment in all those widely separated parts of the country from 
which they annually gather. Moreover, these investigations 
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have not merely thus served as a stimulus to intellectual activ- 
ity, but they have presented models, worthy of all admiration, 
for the imitation of investigators; and have thus not only 
kindled among us the zeal to be serviceable to science, but have 
done very much to show us how we may be most so. 

The scientific journals of our country are furthermore greatly 
indebted to the contributions not only of the chief of the sur- 
vey, whose labors in this way have been abundant, but also of 
those associated with him in his work, and who, in their spe- 
cial departments, have brought to light new facts, or originated 
new inventions, or developed new theoretic views, which have 
added to the variety of our periodical scientific literature, and 
have assisted in advancing our scientific reputation abroad. 

If any one particular branch of American science is more 
indebted to the operations of the Coast Survey for the life 
which has been instilled into it through their instrumentality 
than any other, it is probably astronomy. The astronomers of 
the country have been directly called on by the survey for their 
active cooperation in settling, in an authoritative manner, 
questions of latitude and longitude. They have responded to 
the call not only with cheerfulness, but with zeal ; and they 
have found themselves, in consequence, unconsciously incited 
or allured into the performance of other labors which had not 
been demanded, and into the pursuit of new investigations, 
which had not before suggested themselves. It is certainly 
true that within the last fifteen or twenty years American as- 
tronomy has made great advances ; but if this fact is recog- 
nized or admitted, it is impossible not to recognize at the same 
time the important agency of the Coast Survey in promoting 
its advancement. 

It may finally be remarked, that the survey has recently even 
lent valuable aid to history by causing the preparation of a 
historical account of the progress of discovery on the western 
coast, as connected with its hydrography, and by collecting the 
maps, old and new, which illustrate this history. A work 
which, in so many ways, and with so abundant success, has 
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contributed to promote intellectual progress at home, and to 
secure for our country an honorable reputation abroad, eannot 
certainly fail to command the approving appreciation of every 
enlightened and patriotic citizen. 

OPINIONS OF SCIENTIFIC AUTHORITIES ON THE COAST SURVEY. 

When, some years ago, a proposition was introduced into 
the Senate of the United States to transfer the Coast Survey 
to the Navy Department, the principal scientific bodies through- 
out the country presented remonstrances against such a course. 
The American Academy of Arts and Sciences, the American 
Philosophical Society, and the Franklin Institute, of Pennsyl- 
vania, made elaborate reports, highly approving of the methods 
and commending the progress of the survey. The Faculty of 
St. John's College, of Maryland, and the Professors of the Uni- 
versity of Virginia, addressed memorials to Congress in favor 
of the work as organized. 

The American Academy of Arts and Sciences says : 

" In conclusion, it is the deliberate opinion of the Committee that the pres- 
ent Superintendent of the United States Coast Survey has, by his able and 
judicious, his energetic and economical, administration of this great nadoaal 
work, raised it to the highest order of successful activity and deserved popu- 
larity ; and that he has thereby fulfilled the high expectations which were 
raised at his appointment'* 

The American Philosophical Society states : 

" That the survey of the coast is a work which, from its importance to our 
citizens, recommends itself in the strongest manner to the protection of the 
government. That the benefits of a scientific and practical character which 
have already been derived and are constantly resulting from it, are such as 
to repay abundantly the labor and expense which have been and may be 
hereafter devoted to it. That it has heretofore been conducted accurately 
efficiently, and economically, and that there is every reason to believe that it 
will best thrive by being left with its present organization. And that, as well 
from the magnitude of the undertaking as from the skill and energy with 
which it has been conducted, it will prove honorable to those who first con- 
ceived it, and to those who have been engaged in its prosecution." 



FAKT II, — RESULTS. 141 

This Society urges the publication of the observationB upon 
which the maps and charts produced by the survey have been 
founded; and extends this recommendation to the methods 
used for the computation and discussion of the observations : 
a subject to which the attention of the government had been 
repeatedly drawn by the superintendent ; and which it is, in 
the interests of science, sincerely to be hoped, will, at no dis- 
tant day, be favorably acted on. 

The Franklin Institute conclude their report with the fol- 
lowing : 

*< First That the work is national in its character, and onght to be contin- 
ued by the Federal Goremment upon a scale commensurate with its practical 
importance, and with the extent ba^I yariety of the objects which are bene- 
fited by its results. 

" Second. That the manner in which it is at present organized is economi- 
cal, efficient, and scientific — giving its results with sufficient rapidity, at 
moderate cost, and upon scientific and practical principles. 

*' Third. That its labors ought to be (as they now are) divided among the 
civil, military, and naval talent of the country* in order to secure to each of 
these departments that knowledge of its processes and determinations which 
is equally required by them all. 

" Fourth. That the benefits which the nation has already obtained from it 
have fully justified its cost, and that those benefits ought now to be continued 
to the whole of the States of the Union, upon as broad and liberal a scale as 
the government has hitherto applied." 

The American Association for the Advancement of Science, 
at their meeting held in Cambridge in 1849, appointed a com- 
mittee to consider the subject of the Coast Survey, whose re- 
port, entirely favorable to the administration of the work, was 
unanimously adopted by the scientific men then and there 
present from the different parts of the United States. Their 
opinions are expressed in the following resolution : 

*' Resolvedf As a sense of the American Association for the Advancement 
of Science, that the manner in which the Coast Survey of the United States 
has been conducted by Professor A. D. Baehe, and those associated with him, 
is highly creditable to American science, that it promises great benefit to the 
commerce and navigation of the country, and it is eminently entitled to the 



continued favor of Congress. 
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This Association have since testified their undiminished 
confidence in the superintendent of this work by electing hin^ 
their president, the highest position which can be occupied by 
a scientific man in our country. 

When the rumor reached Europe that the present organiza- 
tion of the Coast Survey was assailed, the venerable Hum- 
boldt, and his compeer of the French Academy of Sciences, 
Arago, wrote to their friend and correspondent. Professor 
Schumacher, of Altona, expressing flattering opinions of the 
manner in which the survey ws^s conducted, of the attain- 
ments of the superintendent, and of the honor which ouroouib 
try had obtained abroad from the successful prosecution of this 
great work. 

No name stands before that of Arago in the science of the 
world, and he speaks of the probable loss of Professor Bache's 
services as " a misfortune which he desires to unite with all 
that Europe has most distinguished in science, to prevent." 

Baron Humboldt, addressing Professor Schumacher, says: 

'* Tou know, better than I do, in how high an estimation the director of 
the work for the survey of the coast stands, not only among us, but among 
all the most illustrious men who in France and England are interested in the 
study of geography and nautical astronomy. To the most solid knowledge at 
astronomy and mathematics, Mr. Bache unites in a very eminent degree that 
activity of mind and extent of views which render a work of practical utility 
profitable to the science of the physics of the globe. In a region of the 
globe where the direction of oceanic currents, the differences of temperature 
produced by these currents and by the upheaval of the bottom and the ditec- 
tion of die magnetic curves, offer so important phenomena to the navigators, 
such a great work could not be placed in better hands than those of Dr. 
Bache. The government of the United States has acquired a new right to 
our gratitude by protecting nobly that which has arrested the attention of the 
hydrographers and astronomers of Europe. I should be glad to think that 
in a country where I am honored with so much good feeling, my feeble testi- 
mony might contribute to enliven the interest which is due to the excellent 
labors of Mn Bache.*' 

Professor Sohumacher, the learned astronomer of Altona, 
transmitting these letters, says : 
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" You will see, by the enclosed letters of our common friends, M. Arago 
and the Baron von Humboldt, how anxious they are to know if the great work 
you have undertaken will remain in the hands to which the whole scientific 
vorld would have entrusted it Let me hope that the fears they entertain 
are only founded upon vague rumors. Your country must be proud to call 
you its own, and will repay you in gratitude what you do for her scientific 
glory." 

The Baron von Humboldt very recently expressed to a 
member of this committee, in a personal interview, the highest 
appreciation of the Coast Survey of our country; and the 
warmest admiration of the manner in which it had been con- 
ducted, and of the peculiar qualifications of its chief. 

Capt. (now Admiral) W. H. Smyth, R. N., President of the 
Geographical Society of London in 1850, in speaking, in his 
address ot that year, of the United States Coast Survey, says : 

" The Coast Survey of the United States is a truly national undertaking, 
and has been most creditably conducted through all its various departments 
of science. I have studied the question closely, and do not hesitate to pro- 
nounce the conviction, that though the Americans were last in the field, they 
have, per scdtum, leaped into the very front of the rank. 

" Were I asked to give instances, I would say, look to their beautiful maps 
and charts ; see their practice of establishing longitudes by electricity, and 
the probable extension of its wonderful chronographic applications ; mark 
their novel method of taking and recording transits by a galvanic circuit ; 
and consider the excellence and refinement of their astronomical observations 
for geodetic purposes, as proved by their being able to detect the alteration 
6f gravity, caused by a difference in the density of the earth's crust." 

The President of the same Society, in his address in 1852, 
while noticing with admiration the very efficient manner in 
which the survey has been conducted, and the rapidity with 
which the work has been carried on along the western shores 
of the continent, classes it as " one of the most perfect ezemr 
plifications of applied science^ of modern timesP 

And, finally, we may call attention to the emphatic tribute 
to the value of the Coast Survey, from Sir Roderick Murchi- 
SON, President of the Royal Geographical Society of London, 
on presenting the Victoria Gold Medal, adjudicated for the 
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.year 1858 to Professor Bacbe, in consideration of ^' his ducoess- 
. fol labors in carrying out the great Coast Survey of the Unitod 
States of America." 

"It would be impossible," he says, "to do justice to an extensive work of 
ibis sort on an occasion like the present ; but as the previous reports of this 
celebrated Coast Survey, from 1844 to 1855 inclusive, are in our library, 
those of oar associates, and of the publio generally, who wish to form an esd- 
loate of their value, can do so at their leisure, and they will see how vastly 
our medallist has pushed on this great work. They will assuredly then rise 
from the examination with the thorough conviction that, whether we regard 
the science, skill, and zeal of the operators, the perfection of their instru- 
ments, the able manner in which the Superintendent has enlisted all modem 
improvements into his service, the care taken to have tiie observations aeen- 
TAt^y registered, his modest and unpret^iding demeanor, or the noble liber- 
ality of the Government, tempered with prudent economy, all unprejudioed 
persons must agree that the Trigonometrical Survey of the United States of 
America stands without a superior/' 



CONCLUSION. 



With these voluntary and emphatic testimonies to the ehai^ 
acter of a work as magnificent in its scientific aspects as it is vat 
uable in those which are purely utilitarian — testimonies, more- 
over, emanating from sources which rank, in point of authority 
among the highest known to the scientific world — the commit- 
tee might be justified in closing a report already protracted 
beyond their expectation. After the extended review, however, 
which they have taken of the purposes in which this great un- 
dertaking originated, of the history of its growth, and the 
expansion of the processes involved in its execution, and of 
the brilliant results which have already crowned its diversified 
labors, it will probably be expected of them that they should 
condense the final expression of their opinions into a form suf- 
ficiently concise to be comprehended at a single view. As the 
succinct recapitulation, therefore, of the conclusions at which 
they have arrived, the committee, with entire unanimity, con- 
cur in stating the following propositions : 
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1. The Araeman Coast Survey, in its ineeption, was a 
woiic imperatively demanded by a due regard to the industrial 
interests of the country, dependent, as they are, greatly upon 
the prosperity of commerce for their free development. 

2. The indecision which marked the early policy of the gov- 
ernment in regard to this survey, and the consequent delay of 
its efficient operations, and postponement of its beneficial re- 
sults, were of manifest disadvantage to the material welfare of 
our people, and cannot but be still subjects of serious regret. 

3. The economical value of such surveys is attested by the 
universal voice of all commercial men, and by the concurrent 
practice of all commercial nations, no less than by the melan- 
choly records of marine disaster annually occurring upon 
every unexplored coast 

4. Their scientific value is witnessed, in the instance of the 
American survey, by the spontaneous tributes of approval fre- 
quently and freely bestowed upon it — no less in regard to 
the ability, energy, and skill displayed in its management, than 
to the magnitude, variety, and oftentimes curious interest of 
the results it has wrought out — by individuals and oi^anized 
bodies of men, whose high position as scientific authorities 
renders tlieir opinions upon subjects of this nature entirely con- 
clusive. 

5. This work has conferred many valuable benefits upon 
science, indirectly and incidentally, in the invention or perfec- 
tion of instruments, in the improvement of methods of obser- 
vation or of computation, in the development which it has 
given to special subjects of interesting inquiry, and in the stim- 
ulus which it has furnished to the scientific talent of the coun- 
try, especially in the field of ^tronomical observation and in- 
vestigation. 

6. A careful study of the progress made from year to year, 
especially since the enlargement of the scale of operations un- 
der the present superintendent, affords ample evidence that the 
work has been expeditiously prosecuted, and that the amount 
accomplished up to the present date is materially greater than. 

VOL. XIII. 13 
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has ever been accomplished in any other country in: the same 
length of time, and with the same means. 

7. Compared with similar surveys executed or in progresa 
of execution by foreign governments, the American survey kaB 
been conducted with remarkable economy. 

8. Compared with such foreign surveys, the quality of the 
work done in this will bear the test of any standard that has 
ever been anywhere set up, and is such as to reflect honor on 
the scientific character of our country in the eyes of the 
World. 

9. Every consideration of economy, of humanity, and of 
regard for the reputation of the country, demands that ibe 
work should be prosecuted with undiminished activity, until 
every portion of our coast shall have been as thoroughly ^c*- 
plored and mapped as those have been already in which its 
bperations commenced. 

10. Conclusive reasons, involving other weighty public intetw 
ests no less than this, but connected also with the project of 
verifying in the happiest manner the geodesy of our extended 
and circuitous coast, conspire to render the triangulation of the 
great Appalachian chain of mountains a most desirable under- 
taking, and encourage the hope that our government will very 
early direct that most important work to be executed. 

11. The publication in full of all the observations * tipon 
which the published results of the Coast Survey are founded, 
together with the methods employed in the redaction and dis- 
cussion of the observations, would be a contribution to sciencCi 
and especially to the science of geodesy, of inappreciable value, 
besides being necessary to secure the records against loss ; and 
the committee earnestly hope tt^t the government may not fail 
to provide the means for the adequate and rapid prosecution of 
this work. 

12. The existing organization of the survey, judged in the 
light of the experience acquired by our own and by foreign 
governments in the management of such works, is, in the 
deliberate opinion of the committee, preferable to any other 
that has ever been suggested. 
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These propositions have not been hastily sketched, and are 
not lightly thrown out ; but they are announced as the result 
of mature reflection and careful consideration. With their 
announcement^ the duty of the committee, under the resolu- 
tion appointing them, is discharged. The committee cannot^ 
however, foi^et that they have another duty, unprescribed by 
any resolution, to fulfil ; which is, to express, on behalf of the 
Association which has charged them with their present respon- 
sibility, and of the world of science, which they may claim fot 
the moment to represent, their deep sense of the obligation 
which they feel to be due to the enlightened statesmen who, 
whether in the executive bmneh of the government, or in th^ 
legislative halls of Congress, have sustained the work to the 
present baur by their liberal recommendations or their able ad« 
vocacy, and have labored to conciliate to it the popular fav<Mif 
by their intelligent and manly expositions of its objects and 
its value. 

Among the distinguished men who hold in their hands the 
destinies of the country, are still to be found statesmen no less 
enlightened and no less liberal. To such, therefore, with what- 
ever branch of the government they may be connected, th^ 
eommittee, in conclusion, most cordially commend the impor* 
tant work which they have been reviewing; and in the name 
of the associated science of the country, they solicit for it the 
continuance of the Executive favor and Legislative suppoir^ 
wbieh it has hitherto enjoyed. 

F. A. P. BARNARD, Chairman, 

JOSEPH G. TOTTBN, W. H. C. BARTLBTT, 

BENJAMIN PBIRCE, WOLCOTT GIBBS, 

JOHN TORREY, STEPHEN ALEXANDER, 

JOSEPH HENRT, LEWIS R. GIBBES, 

JOHN F. FRAZER, JOSEPH WINLOCK, 

, WILLIAM CHAUVENET, JAMES PHILLIPS, 

JOHN LECONTB, WILLIAM FERREL, 

WILLIAM M. GILLESPIE, EDWARD HITCHCOCK, 

F. H. SMITH, JAMES D. DANA. 
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At the meeting of the " American Association for the Ad- 
vancement of Science," held in Montreal, in August, 1857, a 
resolution was adopted, upon the recommendation of the Siec- 
tion on Physics, constituting the gentlemen immediately here- 
inafter named a committee to inquire and report on the Coast 
Satvey of the United States : 

1. JUDGE J. K. KANE, President Amer. Pbil. Society, Penn. 

2. GENX JOSEPH G. TOTTEN, Chief Engineer a S. A, 
8. PROF. BENJAMIN PEIRCE, Harvard College, Mass. 

; 4. PROF. JOHN TORREY, U. S. Assay OBa.ee, N. Y. 

5. PROF. JOSEPH HENRY, Sec'y Smithsonian Institution, D. C. 

6. PROF. J. F. FRAZER, University of Pennsylvania, Penn. 
> 7. PROF. WM. CHAUVENET, U. S. Naval Academy, Md. 

8. PRESET F. A. P. BARNARD, University of Mississippi, Miss, 

9. PROF. JOHN LECONTE, Cojlege of South Carolina, S. C. • 

10. PROF. WM, M. GILLESPIE, Union College, N. Y. 

11. PROF. F. H. SMITH, University of Virginia, Va. ' 

, 12. PROF. VV. H. C. BARTLETT, U. S. Military Academy, N. Y. 

' 13. PROF. WOLCOTT GIBBS, Free Academy, N. Y. 

; 14. PROF. STEPHEN ALEXANDER, CoUege of New Jersey, N, J. 

15. prof! lewis R. GIBBES, Charleston College, S. C. 
, 16. PROF. JOSEPH WINLOCK, Sup't Am. Naut. Aim., Ky. 

17. PROF. JAMES PHILLIPS, University of North CaroUna, N. C. 
, 18. PROF. WM. FERREL, Nashville, Tenn. 

19. PROF. EDWARD HITCHCOCK, Amherst CoUege, Mass. 

20. PROF, JAMES D. DANA, Yale College, Conn. 

Upon receiving notice of this action by the Association, the 
chairoian addressed a circular to his associates of the commit- 
tQe> in the following form : 

SIR: — I beg leave to transmit to you the copy of a, Resolution 
adopted by the American Association at its last Meeting, and to invite 
your advice apd guidance in the preparation of an appropriate Report to that 
body. ♦ 



rill 
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I hare supposed that the several topics, which such a Report should em- 
brace, may fitly arrange themselves under the following heads : 

1. The character and primary objects of a Geodetic and Hydrographic 
Survey. 

2. The action of other Governments in regard to such Surveys of their 
Territory and Coast 

3. The former organization of the Coast Survey of the United States — 
itB progress and results up to the year 1844. 

4. The Modifications our Coast Survey has undergone since — its expan* 
sioix — the novel and improved methods and appliances of which the present 
Superintendent has availed himself, and the collateral researches which these 
liave favored. 

5. Its results up to the present time, general and particular — Their bear- 
ing : First, On navigation — facilitating the determination by the navigator 
of his position, by reference to soundings, tides, currents, and landmarks — 
indicating perils and positions of refuge — discovering and defining channels, 
and noting the changes they have undergone — and fixing the proper sites 
for light-houses and beacons : Second, On the protection of the coast — sug- 
gesting the localities for forts, docks, magazines, eta: Third, On the geodetic 
surveys which may be proposed by the several States — facilitating them by 
furnishing a chain of base lines, and determining the absolute position of 
points: Fourth, On great works of communication — in the discussion of 
traces and gradients. 

€. The judgments which have been expressed by scientific men in other 
countries, and our own, as to the value of the work and the efficiency of those 
•who have it in charge. 

"While soliciting from you, however, such contributions as your leisure may 

permit, under any of these heads, I would not be understood as desiring to 

circumscribe the range of your communications, nor indeed as defining the 

subjects which should enter into the Report. It will be my object, unless 

otherwise instructed by the Committee, to submit to the Association, and 

through it to the community, a popular view of the objects and course of the 

Survey, and of the influence it is exerting, and may continue to exert, on 

cfitferent lotei^sts of the country ; but in regard to this, as to all other points, 

soaJJ 5q happy to avail myself of your suggestions. It will be for you to 

®*eruj;,jg /lOi^ far they shall be incorporated in the general report, or 

^ther tf^QY shall be recognized as proceeding from yourself. 

'^^y be eJ^^^^^^ ^^^ adding, in conclusion, that I shall esteem it a great 

p ^onuj f^y^r, i^ you will allow me to be assured of your cooperation at an 

/ 0,K3cx, Sir, with very great respect, 

Your obedient servant, 

J. K. KANE 
13* 
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To this circular the n>embers of the committee replied very 
generally, some of them at large; and the chairman had 
already made some progress in the analysis of their contribu- 
tions, and in arranging these, and the other materials gathered 
for his report, into an available shape, when his labors were 
arrested by his lamented death — an event at once calamitous 
to his country and to science, which, to the great grief of his 
associates, took place on the twenty-first of February, 1858. 

At the m'eeting of the Association, held in Baltimore, in 
April, 1858, the papers of Judge Kane, relating to this subject, 
were exhibited to the members of the committee then present. 
Aft chairman in his place. President P. A. P. Barnard, of the 
University of Mississippi, was appointed, and it was agreed 
that the publication of the report ought to be made as soon as 
possible after its completion. 

The new chairman not being in attendance at Baltimore, 
there occurred an unavoidable interval of some duration be- 
tween the adjournment of the Association and the transfer of 
the papers to him. Since obtaining possession of them, how- 
ever, he has been as expeditious in turning them to use as cir- 
cumstances would allow, following in general the arrangement 
of topics laid down in the letter of Judge Kane, cited above; 
and now, in concluding his labor, he feels constrained to ex- 
press his unfeigned regret that it had not been permitted to the 
abler hands to which the task was originally assigned, to exe- 
cute the work which they had so judiciously planned. 

To those of his associates on the committee, whose contri- 
butions relating to subjects embraced in the report communi- 
cated to the former chairman have passed into his possession, 
he begs leave here to tender his thanks for the valuable aid 
which they have afforded him. 

University op Mississippi, Oxford, Nov. 2, 1858. 
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A. MATHEMATICS AND PHYSICS. 

I. MATHEMATICS. 

1. A New Method op Investigating Plane Curves, with 
ITS Application to Evolutes and Caustics. By Wil- 
LiABt Watson, of Cambridge. 

Last year, at Baltimore, ia connection with the solution of a special 
problem, I presented to the consideration of the Association, some new 
systems of coordinates^ which seemed to be of particular value in the 
investigation of certain classes of plane curves. 

Since that time, having occasion to integrate certain differential 
equations, my mind was again turned towards the subject of curvature, 
and I was induced to examine the resources of some of the systems 
which I had proposed, in the hope of throwing some light upon my 
investigations. 

I found that with some of the systems, curves could be accurately 
plotted, could be rectified, their quadrature found, their evolutes deter- 
mined, and, in short, thoroughly discussed ; while the differential equa* 
tions which expressed the relation of the coordinates of a curve in 
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these, to those of the ordinary systems, were not susceptible of inte- 
gration by any process known to the Calculus. 

To those who object to the muhiplication of methods of research in 
curvature as unnecessary, I shall reply by a quotation from the greatest 
living geometer of France. 

" On ne saurait avoir trop de moyens diffi^rens de decrire une m^me 
courbe, parce que chacun exprime une propriety caracteristique de k 
courbe, d*oii derivent naturellement plusieurs autres propriet^s qui 
n'apparaissent par aussi aisement dans les autres modes de descrip- 
tion."* 

If to any point of a given plane curve [Fig. 1] we draw a radius 
vector, a tangent, and a radius of curvature ; and also from the origin 
three lines respectively perpendicular to these, we shall have the fol- 
lowing quantities geometrically represented : r the radius vector ; 9 the 
polar angle ; e and r the angles made by the tangent with the radium 
vector and the prime radius respectively ; ^ the radius of curvature, 
and V its angle with the prime radius ; 'p and q the perpendiculars from 
the origin to the tangent and to the radius of curvature. 

Since if one of the above quantities is fixed in any given curve, all 
the others assume definite values, each one will generally be a function 
of every other, and the curve may be expressed and defined by an 
equation between any two members of the series, thus giving rise to 
what have been called '* New Systems of Coordinates.** 

Before taking up the special subject of this paper, it will be neces- 
sary to premise a few truths with reference to a system, which, although 
recognized in our treatises upon the calculus, has been used, rather as 
a form under which curves could be expressed, than as an instrument 
by which they could be fully discussed. I mean the system in wliich 
the general equation of a curve is r z=.fij>) ; and I will briefly state 
what is known in reference to it. 

1. The sign of DpT determines whether the curve is concave or 
convex toward the pole, and therefore there will be a point of contrary 
flexure for every change of its sign. 

2. If p has several values corresponding to one of r, for that value 
of the radius vector fhe curve has a multiple point. 

8. If for any finite value of j9, r becomes infinite, the curve has an 
asymptote. 

* Aper9a Uistoriqae des M^thodes en Geom^trie. — Par M, Chasles, 






MATHEMATICS. 15S 

4. To find the equation of the evolute. Let the radius vector of the 
corresponding point of the evolute be denoted by r«. Let 

r=f{p) (1) 

be the equation of the curve, then from the geometry of the figure 

r.^Q^ — ^pQ^r'. (2) 

Also pe-=^'r^ — p\ (8) 

Q = rDj,r. (4) 

From these four equations we obtain re=^F (pe), the equation of 
the evolute. 

5. To trace the curve we must know the angles « and r. 

e = siri" ?• 

r 

Since 

q:sz\J^^j^z^DrP* 






No constant need be added tn this integration, as the direction of the 
prime radius may be so changed that the constant, if there were miy, 
would disappear: we have now ^=:t— c = tl;(j») from which, with 
r =/(/?), the curve may be constructed by points* 

6« The formula for rectification is « = f —. 

Jr q 

7. The formula for quadrature is -4= /— . 

In the system which it is the design of this paper to develop, any 



. ^ ^his relation was first distinctly stated and geometrically proved by Mr. Ferrers 
in the " Quarterly Journal of Mathematics/' bnt may be shown true by analysis, 

a wHich ds represent an elements of a cunre, 

dp _ rdr 

.'. "T" =Z)r P =— 7— = r cos e=q, 
dr '^ ds 
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curve is expressed by an equation between q and 9; i. e. the general 
equation of any curve is q =f (v). 

For example, the equation of a cardioid r = 2 m sin^ ^ g), becomes, 

when transformed to this system, g'=msin § (v — — )sin^(r ), 

OT q = m sin ^r sin ^ r.* 

The polar equation of the parabola referred to its focus and axis 

r= — . becomes q = m sec f tan v. 

1 4" cos g) 

The polar equation of the logarithmic spiral gp= logr or r = c^ be- 
comes when transformed qz=e(v-i7r) cos t* 

1. The relation vz=zr-\-- gives p ==/J. q = /J, ?• 
From which we have 

e = tan— ^ l^^^f or cot « = 2)y log /^ q, 

2. The radius vector rz=z^ (^r ^)*+9*« 

3. The radius of curvature q = jt? + $'« = /' S' -f- jD^ y. 

This relation furnishes a ready method of transforming the equation 
of a curve given in this system to " Peirce's Circular Coordinates." 
Take, as an example of this, the equation of the parabola 

J = OT sec f tan y, 
/ 5^ = m sec f', 

i>yy=msecy (1 4-2tan**'), * 

.'. /*= 2 m sec'* v, 

4. To find a point of contrary flexure. At such a point ^=00, 
and p is finite ; .•. Dyq=.(^, while /],q is finite. 

5. For an asymptote ^ = 00 and /, q is finite. 



. • ■. 



- < 



* The angle made by q and the prime radios is t, which is sometimes more con- 
venient than V to nse. 
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6. To find the equation of the evolute, 

?=/(')• (1) 

^rom the geometry of the figure, 

D^q = q^ (2) 

And I 7t yn\ 

v, = v + -^ (3) 

T6 find the n** evolute g-, = i^ y, and »« = r + ^. 

To find the n** involute ^q = f^ q, and ^r = y — !!?, 

Take as an example, to find the equation of the evolute, and that 
of the involute of the parabola, 

g = m sec V tan v, 

q^=. — m cosec Ve (l-|-2 cot^i',), 

fg=m cosec ^y. 

Thus it will be observed that evolutes and involutes are determined 
in this system as readily as in '* Pei roe's Circular Coordinates." 

7. The formula for rectification, since, 

Q dv=zd8, is s=:J*^q-^q. 

8. Tlfe formula for quadrature is 

A=/pds=/p prfr=jr| (/„?)* +D,qjlq\ 

9. To plot the curve, use r instead of v ; 



('='-!)■ 



Lay ofi^ values of q corresponding to different values of r, and at 
the extremity of each erect a perpendicular ; also lay ofi^ at the origin 
the corresponding values of e from q toward the prime radius, and the 
intersection of each of the last series of lines, with the corresponding 
perpendicular will be a point of the curve. 



1 
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APPLICATION TO CAUSTICS BT BEFLECTION. 

Parallel Rays. [Fig. 2.] 
Assume the prime radius parallel to the incident rays. Let 

?=/w (1) 

be the general equation of the reflecting curve. 

From the geometry of the figure r<.==2r, 

...,.,= 2 y — 90, (S) 

pg= r sin {n — 2 r +9) ='' sin (r+c) = r (sin x cos« -f-^os r sin e) 

= 9 sin x-\-p cos r=y cos v — sin v T^ q^ 
.\ qc=z\Dv {qcos v — sin vfq)=i^cosvDyq — g-siny — icosty^y. 

Rays not Parallel. [Fig. 3.] 
Let the origin be at the luminous point ; then 

Pc-=^r sin 2«=2r sin « cos e = -^-^ = ;= =, 

Another system of coordinates which may be useful, is that in which 
the general equation of a curve i8p=f{q). 

The investigation of this system would follow very simply from what 
has preceded, and the geometric construction would present no diffi- 
culty. 

Usually the nature of the problem is sufficient to determine what sys- 
tem of coordinates is best adapted to the investigation. 

All these systems, and indeed every possible algebraic form by 
which curves may be expressed, must be regarded as generalizations 
of that method, by which more than two hundred years ago Descartes 
changed the whole character of mathematical science. 



Jig. 1. 




Fig. 2. 




Fig. 8. 
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2. On certain Spirals. By Rev. Thomas Hill, of Walthaov 

The great genius of Descartes and of Newton has so impressed upon 
us the idea of classifying curves by the degrees of their equation, or by 
putting them with trigonometric or logarithmic curves, that we hardly 
think other modes natural. Yet the algebttic^arabola, the trigonomet- 
ric cycloid, and the logarithmic catenary nll^ a close geometric rela- 
tion; since in each the normal measured ^om the curve to a given 
straight line bears a constant ratio to the radius of curvature. 

I have discovered another group of spirals which have a still simpler 
property in common, and which nevertheless embrace among them the 
logarithmic spiral, a certain involute of an epicycle, and a certain sec- 
ond involute of a circle. This group of spirals answers the problem; 
What curve is that in which the radius of curvature is directly propor- 
tioned to the radius vector? — that is in which 

Q=z Ar, 

In transforming this curve a constant of integration, B, is introduced. 
When -4 > 1, and B=0 the curve is a log. spiral, but when 
-5 > < the log. spiraloid loops near the origin, or encloses the ori- 
gin in a loop, and runs out in both directions. 

When -4 < 1 and J5 > < the curve is an involute of an epicycloid. 

The numerical ratio — determines the ratio of the generatmg circles, 

x> 

and the length of the thread. 

When -4 = 1, ^ = r is the second involute of the circle whose ra- 
dius is B; the constant for the second involution being ^ B. 



n. ASTRONOMY. 



1. On the Secular Variations of the Eccentricities and 
Perihelia of certain of the Asteroids. Br Smo^r 
Newcomb, of Cambridge. 

* 

It is well known that Dr. Olbers proposed to account for the e^dst- 
ence of several small planets, where a single large one had naturally 
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been expected, by supposing tbat they were fragments of a large one, 
"which had been shattered through the agency of some unknown cause. 
Latterly astronomers have not seemed disposed lo look with much fa- 
vor on this hypothesis ; one of the principal arguments brought to bear 
against it being founded on the fact that there is no appearance of a 
common poi)it of intersection, or common node to the orbits in their 
present state ; that the perihelion distance of some is greater than the 
aphelion distance of others ; and that the present rate of change of the 
orbits does not indicate that they were any nearer a common point of 
intersection formerly than at present. These facts however can 
scarcely be considered as militating against Olbers' hypothesis at all. 
The perihelia and nodes of most of the asteroids perform a complete 
revolution around the heavens in from 20,000 to 40,000 years; and the 
eccentricities pass through at least one maximum and one minimum in 
the same length of time. If, therefore, their orbits ever did intersect, 
they would not necessarily give any indication of such intersection after 
the lapse of 30,000 years. If then there is a space of three millions 
of years in which to look for the explosion of the planet (and I do not 
suppose that this period will be considered unreasonably long by astron- 
omers or geologists), the chances would be a hundred to one against 
our finding it in the last 30,000 years, and consequently against our 
seeing any indication of it in the present positions of the orbits. 

The mode of investigating the problem which seems most likely to 
lead to a conclusive result, is to make the actual computation of the 
nearly rigorous expressions for the eccentricities and perihelia of cer- 
tain of the asteroids for all time. If we then substitute these expres- 
sions in the equations of condition which the elements must satisfy in 
order that the orbits may intersect, we can find whether at any time a 
common point of intersection was possible. In selecting the asteroids 
for which to make this computation, the following conditions were, as 
far as possible, complied with : 

1. That neither their eccentricities nor inclinations should be large. 
This condition is necessary, because the third powers of those quanti- 
ties have to be neglected in the calculations, and if they were not 
tstnM, this neglect might render the results seriously defective. 

2. That the present values of the elements should be tolerably well 
determined. 

3. That they should include as wide a range as possible of mean dis- 
tances. 



160 A. MATHEMATICS AND PHYSICS. 

The asteroids which seem beat, on the whole, to fulfil these condi- 
tions, are Vesta, Metis, Hygea, and Parthenope. 

What is commonly known as the secular variation of the orbit of a 
planet, is the apparently uniform progressive change which both theory 
and observation show to affect its form. As far as observation alone 
has shown, this change may continue for an indefinite period of time, 
and if so, it would finally lead to the destruction of our system by 
causing the planets to come into collision with each other or with the 
snn. Theoretical investigation, however, shows that this change is 
really a motion of oscillation, or rather of several superimposed oscilla- 
tions, the periods of which, for the larger planets, vary from 50,000 to 
500,000 years ; and therefore, as I have before remarked, the present 
rate of change of the asteroid orbits throws but little light npon the 
question of their former intersection, because in the lapse of ages the 
direction of the change will be reversed. I have, therefore, computed 
the oscillations of the eccentricities and perihelions of the before-men- 
tioned asteroids, with the following result : 

Put t for the number of Julian years after 1800, t being negative be- 
fore that epoch. 

e the eccentricity, tc the longitude of perihelion counted from the equi- 
nox of 1800. 

(1) = 97° 50' + 2" .90 X t ; (2) = 25° 52' + 5" .80 X t, 
(3) = 126° 37' + 22" .82 Xt; (4) = — 45° -|- 17" .86 «, 

A^ i^ 230° 56' + 38 .47 t; A^ = 85° 40' + 39" .28 ^ 

^8 = 215° 36' + 89" .20 1; A^— 247° 12' + 42" .16 L 

We then have for Vesta, 

emxn = .1051 sin A^ -f .0018 sin (1) + .0254 sin (2) — .0188 sin (3) 

-f .0002 sin (4), 
e cos 7t = .1051 cos A^ + .0018 cos (1) + .0254 cos (2) — &c. : 

For Metis, 

esm7t = .1182 sin Jg + -0018 sin (1) + .0256 sin (2) — .0184 sin (3) 

4- .0002 sin (4), 
c cos ;r = .1182 cos A^ + -^^^^ cos (1) -f- .0256 cos (2) — &c. : 

For Hygea, 
esm7t = .1310 sin Jg + .0022 sin (1) + .0315 sin (2) — .0139 sin (3), 
c cos ^ 2= .1310 cos ^8+ .0022 cos (1) + .0315 cos (2) — .0189 cos (3): 




"■^^ 
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For Parthenope, 

e8in7t = .0779 sin A^ + .0018 sin (1) + .0262 sin (2) — .0174 sin (8) 

-j- .0002 sin (4), 
6 cos TT = .0779 cos A^ + -^^1^ cos (1) + .0262 cos (2) — &c. 

Let us now see whether the orbits of Vesta and Hjgea could ever 
have intersected while these equations hold true.* By adding togeUier 
t}^ several coefficients for each asteroid, without regard to their alge- 
Ibiraic signs, we obtain the limit which the several eccentricities can 
never exceed. For Vesta, this limit is .1513, and for Hygea, .1786. 
Whenever the eccentricities attain these limits, the aphelion distance of 
Vesta is 2.7194; and the perihelion distance of Hygea, 2.5868, 13 mill- 
ions of miles less. So although the perihelion distance of Hygea is at 
present greater than the aphelion distance of Vesta, such was not 
f^lways the case. This, however, is not sufficient to insure an intersec- 
tipn of the orbits. In order that this result may follow, it is also requi- 
site that the perihelion of one planet should be somewhere near the 
aphelion of the other, and whenever this condition is fulfilled, it is im- 
possible that the eccentricities of both planets should much exceed their 
ifiean value. This results from the fact that the coefficients of the com- 
mon angles (1), (2), &c., have the same sign for the two planets. Per- 
haps the most convenient way of showing it is by geometrical construc- 
tion of the above equations. 

Let F be the focus of the 
ellipse in which the sun is 
situated, AJB the line from 
which the longitudes are 
reckoned. Then e sin 7t and 
e cos 7( will represent the 
rectangular coordinates of the 
centre of the ellipse taken 
with the negative sign, the 
mean distance ♦of the planet ^ 
being the unit of length. If, 
therefore, we lay off from F 
a line F V= .1051, and 
making an angle equal to Ai 
with FA; from V lay off 
F F' = .0018, making an angle = (1) with FA, and so continue with 

14* 
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the xeioaiiiing terms, the point G finally arrived at will represemt the 
position of the centre of the ellipse, and F will he its «ocentnoitj» 
In order that the perihelion of the orhit of Hygea should he near th9 
aphelion of that of Vesta, its centre must he nearly on the opposite side 
of the sun, the angle A^ must therefore differ from Ai hj nearly 180^, 
and if we construct the terms corresponding to Hygea in the saafi 
manner that we did those corresponding to Vesta, the quantity .1310, 
which is the controlling term, must be laid off somewhere in the direc- 
tion of F H, But since the remaining angles are the same as for 
Vesta, the quantities .0315 and .0179 must be laid off nearly toward 
the focus, and thus the eccentricity of Hygea, instead of being at its 
maximum, will be at its minimum, and therefore most unfavorable for 
intersection. Supposing the line F H io revolve around Fy it ia evi- 
dent that it will not be till the perihelions come within 90^ of each 
other, that the eccentricity of Hygea can attain its mean value, and in 
order that it may attain its maximum, the perihelion must coincide with 
that of Vesta. The effect of these circumstances is to prevent the or- 
bits of Vesta and Hygea from ever intersecting, as we might conclude 
from this geometrical construction, but in order to leave no doubt of the 
subject, the above expressions were substituted in the general algebraic 
equations, which must be satisfied in order to render the intersection 
possible, and it was found that the distance of Vesta would have to be 
increased by about 0.130, or 12 millions of miles, to render possihie 
an intersection of its orbit with that of Hygea. 

Note. — The methods and details of the preceding investigations are given in 
the Astronomical Journal, No. 129. 



2. Description op a Self-Recording Instrument for taking 
THE Sun's Altitude without an Artificial or Natural 
Horizon. By John Oakes, of New York. 

It is well known that we have had no instrument that would closely 
approximate to the sun's altitude at sea when the natural horizon is not 
visible. The ordinary artificial horizon cannot be used on account of 
the motion. Many experiments have been tried with instruments de- 
signed to supply the want, but heretofore with little success. The great 
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difficulty was found to be, that the weight suspended so as in some 
manner to produce a horizontal line, or a zenith-point, to which to refer 
the sun, would necessarily partake somewhat of the motion of the ves- 
sel, and the altitude might be taken at either extremity of the vibration 
without the observer's knowledge or power to make any certain allow- 
ance for it. 

In the instrument about to be described, it is believed this difficulty 
has been overcome, by its being self-recording and measuring the vibra>- 
tions. 

If a ray of light from the sun should strike a horizontal surface at 
any angle, and could pass through that surface, the angles on the lower 
side would be the same as those on the upper ; now if where this sun- 
light impinged it produced a permanent point or mark, and we had an 
instrument to measure how many degrees and minutes it was from this 
mark to the horizontal surface through which the ray of light entered^ 
it would give us the sun's angle above the horizon. 

This is the principle of the instrument exhibited. The mechanical 
arrangements to carry out the plan are, a hollow hemisphere from say 
six to twelve inches in diameter, with a plate that fits in it with its up- 
per surface even with the equator of the hemisphere. Through the 
centre of this plate is a small hole, say ^ of an inch diameter, the 
lower side around the hole is bevelled away, leaving the edge very thin 
80 as to allow the taking of a low angle. The inner surface of the 
hemisphere is plated with silver, to receive the fumes of iodine. The 
hemisphere is nicely hung in gimbals within a movable box or stand, 
and has four adjustable weights at the bottom, for the purpose of adjust- 
ing the upper surface or equator parallel to the horizon, which is done 
on shore, by means of a spirit level. 

For finding the angle of the mark made by the sun through the 
small hole on the inner surface of the hemisphere, an instrument is nec- 
essary. This may be a circular divided plate, with vernier, to be 
placed within the hemisphere vertical to its equator, — or a microscopic 
tube, mounted on a plate or ring somewhat like a Transit, with circle 
attached to the axis for the divisions, this to be placed where the hori- 
zontal plate with the hole in, came out. 

The principal adjustment necessary is, that the centre of the measur- 
ing instrument shall coincide with the hole through which the sun's 
rays pass. Any error of eccentricity can be corrected by a reversal of 
the reading circle. 
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inch for ten seconds of arc, and one micrometer-revolation equal to 78''. 
74. Taking the star-places as given bj each of the catalogues at hand— 
the British Association, Greenwich Twelve- Year, and Radclifie, chiefly 
the former — the fiftj-five observations give one hundred and five sep- 
arate results for latitude. Kejecting none of the observations made, 
and assigning to each of the results the same weight — that is, making 
no discrimination between catalogues, or between errors of observation 
and of star-places — the mean of the whole makes the latitude of the 
point in New Haven, where the observations were taken, 41° 18' 42''. 
43. Probable error of a single result, +0". 98 ; of the mean, + 0". 10.* 

Twelve comparisons of observations of the same stars on different 
evenings give for probable error of a single observation HhO". 42; 
which being so mi^ch less than that of a single result for latitude, shows 
that the observations themselves are much more reliable than the cata- 
logue places of the stars. 

Three hundred and fifty-three pairs of stars observed with the zenith 
telescopes of the Coast Survey, by experienced observers, give an 
average probable error for a single result of 0". 77, as appears from 
a paper by Prof. Bache in the last volume of the Proceedings of this 
Association. According to the same paper, " a probable error in ob- 
serving of from + 0". 25 to + 0". 80 may be expected for one observa- 
tion, according to the size and quality of the instrument and the ability 
of the observer." The above probable error for one observation of 
+ 0". 42, is well within these limits, and smaller than was to have been 
expected, considering the size of the instrument, as compared with 
those of the Coast Survey, the run of its level, and the fact that it was 
constructed by the observer himself, an unpractised amateur, in the ia- 
tervaLs of other pursuits ; the observations, moreover, being the first of 
the kind which he had ever made. If the results, therefore, are not 
as good as those of the Coast Survey, this is their apology. With in- 
struments similar in size and workmanship, there is no reason why 
results with the transit instrument should not be as good as those with 
the zenith telescope. The former is proposed as a substitute for the 
latter only in cases where economy, convenience, or other circum- 
stances may render it desirable. 

* The corresponding result carefully deduced from 136^ observations of 90 pain 
(47 in addition to the abore), is 41<* 18' 42". 48, with a probable errOr of ±0*. 07; 
probable error of a dngle nanlt, ±(y\ 87 ; of obsenratioii alone £v a aiugle^bseii'' 
ration, deduced from 100 repetitions, +0".47. 
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been expected, by supposing tbat they were fragments of a large one, 
which had been shattered through the agency of some unknown cause. 
Latterly astronomers have not seemed disposed lo look with much fa- 
vor on this hypothesis ; one of the principal arguments brought to bear 
against it being founded on the fact that there is no appearance of a 
common poiiit of intersection, or common node to the orbits in their 
present state ; that the perihelion distance of some is greater than the 
aphelion distance of others ; and that the present rate of change of the 
orbits does not indicate that they were any nearer a common point of 
intersection formerly than at present. These facts however can 
scarcely be considered as militating against Olbers' hypothesis at all. 
The perihelia and nodes of most of the asteroids perform a complete 
revolution around the heavens in from 20,000 to 40,000 years; and the 
eccentricities pass through at least one maximum and one minimum in 
the same length of time. If, therefore, their orbits ever did intersect, 
they would not necessarily give any indication of such intersection after 
the lapse of 30,000 years. If then there is a space of three millions 
of years in which to look for the explosion of the planet (and I do not 
suppose that this period will be considered unreasonably long by astron- 
omers or geologists), the chances would be a hundred to one against 
our finding it in the last 30,000 years, and consequently against our 
seeing any indication of it in the present positions of the orbits. 

The mode of investigating the problem which seems most likely to 
lead to a conclusive result, is to make the actual computation of the 
nearly rigorous expressions for the eccentricities and perihelia of cer- 
tain of the asteroids for all time. If we then substitute these expres- 
sions in the equations of condition which the elements must satisfy in 
order that the orbits may intersect, we can find whether at any time a 
common point of intersection was possible. In selecting the asteroids 
for which to make this computation, the following conditions were, as 
far as possible, complied with : 

1. That neither their eccentricities nor inclinations should be large. 
This condition is necessary, because the third powers of those quanti- 
ties have to be neglected in the calculations, and if they were not 
sniftll, this neglect might render the results seriously defective. 

2. That the present values of the elements should be tolerably well 
determined. 

3. That they should include as wide a range as possible of mean dis- 
tances. 
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In November last, I was led to undertake a new line of investiga- 
tion in relation to the physical constitution of comets. My attention 
being again especially drawn to the subject by the striking phenomena 
exhibited by Donati's comet, the idea occurred to mc that the nebulous 
envelope of the head of a comet was probably in the same dynamical 
condition with the tail — that the cometic matter was, in the first in- 
stance, expelled from the nucleus on the side toward the sun, and then 
driven back to form the tail, by the repulsive force of the sun — that 
this process went on continuously ; the nebulous matter rising perpetu- 
ally, like a gushing fountain of light, and the luminous .jets bending 
back, in graceful curves, before the repelling energy of the sun. Ac- 
cording to this view, the nebulous envelope of the head, and the tail of 
a comet, are but different parts of the same flowing stream. The 
source of the luminous stream which we recognize as forming the tail 
of the comet, is thus carried back, in idea, from the nebulosity of the 
head to the bright nucleus lying within it This general conception 
was subsequently developed into a systematic theory. The cometary 
matter was, in the first place, regarded as urged away from the nucleas 
by an incessant force of repulsion exerted by its mass ; and this force, 
and the sun's repulsion, like all radiant actions, were supposed to vary 
agreeably to the law of the inverse squares. Other suppositions were 
afterwards made, — as that the expelling action was an instantaneous im- 
pulsive force ; and again that the nebulous matter was first detached by 
a superficial force of projection, and subsequently acted on by the repul- 
sion of the mass of the nucleus. The results of the investigation were 
communicated to the Connecticut Academy, at a meeting held on the 
17th of November, 1858. A complete exposition of the process pur- 
sued, and results obtained, was afterward published in the January No. 
of the American Journal of Science, under the heading of " The Dy- 
namical Condition of the Head of a Comet." In the article in ques- 
tion, the orbits of the receding particles, and the resulting form of the 
head of the comet, are approximately determined. It is shown that 
if we suppose the repulsive, or impulsive action, to be of the same in- 
tensity, from whatever point of the surface of the nucleus the cometic 
matter is ejected, the form of the head would be nearly that of a 
paraboloid, having its vertex directed toward the sun ; but that if 
this force decreased in intensity in all directions from the point on the 
surface of the nucleus which is nearest the sun, the form would be 
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CONSTITUTION OF THE ASSOCIATION/ 



•objects. 

TitE Association shall be called " The American Associa- 
tion for the Advancement of Science." The objects of the 
Association are, by periodical and migratory meetings, to pro- 
mote intercourse between those who are coltivating science in 
different parts of the United States ; to give a stronger and 
more general impulse, and a more systematic direction, to sci- 
entific research in our country ; and to procure for the labors 
of scientific men increased facilities and a wider usefulness. 



MEMBERS. 

RilLE 1. Members of scientific societies or learned bodies 
having in view any of the objects of this Association, and 
publishing transactions, shall be considered members on sub- 
scribing these rules. 

Rule 2. CoUegiate professors, also civil engineers and archi- 
tects who have been employed in the construction or superin- 
tendence of pubUc works, may become members on subscrib- 
ing t|iese rules. 

Rule 3. ; Persons not embraced in the above provisions may 



* Adopted Atignst 25, 1856, and ordered to go into effect at the opening of the 
Montreal Meeting. 
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become members of the Association upon recommendation in 
writing by two members, nomination by the Standing Com- 
mittee, and election by a majority of the members present 

OFFIOEBS. 

BuLE 4. The officers of the Association shall be a President, 
Vice-President, General Secretary, Permanent Secretary, and 
Treasurer* The President, Vice-President, General Secretary, 
and Treasurer, shall be elected at each meeting for the follow- 
ing one ; — the three first-named officers not to be reeligible for 
the next two meetings, and the Treasurer to be reeligible as 
long as the Association may desire. The Permanent Seeretaiy 
shall be elected at each second meeting, and also be reeligibte 
as long as the Association may desire. 

HEETINQS. 

RuLis 5. The Association shall meet, at such intervals as it 
m^y determine, for one week or longer — the time and place 
of each meeting being determined by a vote of the Associa- 
tion at the previous meeting ; and the arrangements for it 
shall be intrusted to the officers and the Local Committee. 



STANDING COMMITTEE. 

Rule 6. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding year, the perma- 
nent chairman of the Sectional Committees, after these shall 
have been organized, and six members present from the Asso- 
ciation at large, who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on 
the first assembling of the Association. A majority of the 
whole number of votes cast to elect. The General Secretary 
shall be Secretary of the Standing Committee. 



J 
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The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meetings, 
to suggest topics and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific re- 
ports and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
diiring the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of offi- 
cers of the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussionii, 
or other proceedings shall be published*. 

SECTIONS. 

Rule 7. The Association shall be divided into two Sections, 
and as many sub-Sections as noay be necessary for the scien- 
tific business, the manner of division to be determined by the 
Standing Committee of the Association. The two Sections 
may meet as one. 

SECTIONAL OFFICERS AND COMMITTEES. 

Rule 8. Qn the first assembling of the Section, the mem- 
bers shall elect upon open nomination a permanent chairman 
and secretary, also three other members, to constitute, with 
these officers, a Sectional Committee. 
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The Section shall appoint, from day to day, a chainnan to 
preside over its meetings. 

Rule 9. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their 
Section; to ascertain what communications are offered; to 
assign the order in which these communications shall appear, 
and the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend sub- 
jects for systematic investigation by members wilUng to under- 
take the researches, and to present their results at the next 
meeting. 

The Sectional Committees may likewise recommend reports 
on particular topics and departments of science, to be drawn 
up as occasion permits, by competent persons, and presented 
at subsequent meetings. 

RBPOETS OF PROCEEDINGS. 

Rule 10. Whenever practicable, the proceedings shall be 
reported by professional reporters or stenographers, whose 
reports are to be revised by the secretaries before they appear 
in print. 

PAPERS AND COMMUNICATIONS. 

Ruiifi 11. No paper shall be placed in the programme, ua- 
less admitted by the Sectional Committee ; nor shall any be 
read, unless an abstract of it has been previously presented 
to the Secretary of the Section, who shall furnish to the chair- 
man the titles of papers, of which abstracts have been received. 

Rule 12. The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided 
he declares such to be his wish before presenting it to the As- 
sociation. 

Rule 13. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by 
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the authors ; otherwise only the titles or abstracts shall appear 
in the published proceedings. 

Bulb 14. All papers, either at the general or in the sec- 
tional meetings, shall be read, as far as practicable, in the 
order in which they are entered upon the books of the Asso- 
ciation ; except that those which may be entered by a memb^ 
of the Standing Committee of the Association shall be liable 
to postponement by the proper Sectional Committee. 

Rule 16. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent 
communication. 

Rule 16. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 

* 

general and evening meetings. 

Rule 17. The Standing Committee shall appoint any gen- 
eral meeting which the objects and interests of the Associa- 
tion may call for, and the evenings shall, as a rule, be reserved 
for general meetings of the Association. 

These general meetings may, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their gen- 
eral importance and interests, the Standing Committee shall 
select; also to receive from the chairman of the Sections 
abstracts of the proceedings of their respective Sections; and 
to listen to communications and lectures explanatory of new 
and important discoveries and researches in science, and new 
inventions and processes in the arts. 



OEDER OF PROCEEDINGS DT OEGAXIZDra A MEBTDTG. 

BtJLB 18. The AsH«3ciatioa fhaH be ealled to order l^tbe 
Pieaident of the preceding meeting, and this officer having 
resigned the chair to the President elect, the Creneial Secretaurj 
shall then report the nnmber of papers relating to each depart* 
ment which have been registered, and the Association consider 
the most eligible diatribation into Sections, when it shall pro- 
ceed to the election of the additional members of the Stand- 
ing Committee in the manner brfore described ; the meeting 
riiall then adjourn, and tbe Standing Committee, having 
divided the Association into Sections as directed, shall allot to 
each its place of meeting for the Session. The Sections shaB 
then organize by electing their officers and their representatives 
in the Nominating Committee, and shall proceed to business. 

PERMANENT SECRETARY. 

Rule 19. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and snitable books for the list of members and titles 
of papers, minntes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by Ijie Standing Committee or 
by the Association. 

The Permanent Secretary shall make a report annually to 
the Standing Committee, at its first meeting, to be laid before 
the Association, of the business of which he has had charge 
since its last meeting. 

All members are particularly desired to forward to the 
Permanent Secretary, so as to be received before the day 
appointed for the Association to convene, complete titles of 
all the papers which they expect to present during its meeting, 
with an estimate of the time required for reading each, and 
such abstracts of their contents as may give a general idea of 
their nature. 
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Whenever the Permanent Secretary notices any error of 
fact or unnecessary repetition, or any other important defect 
in the papers communicated for publication in the proceedings 
of the Association, he is authorized to commit the same to the 
author, or to the proper sub-cotnmittee of the Standing Com- 
mittee for correction. 



LOCAL COMMITTEE. 

BuLE 20. The Local Committee shall be appointed from 
aiQQog members residing at or near the place of meeting for 
the ensuing year ; arid it shall be the duty of the Local Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other particu- 
lars, at least one month before each meeting. 

SUBSCRIPTIONS. 

£xjLE 21. The amount of the subscription, at each meeting, 
of each member of the Association shall be two dollars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedings of the annual meeting. These subscriptions shall 
be received by the Permanent Secretary, who shall pay them 
over, after the meeting, to the Treasurer. 

No person shall be considered a member of the Association 
until the subscription for the meeting at which he is elected 
has been paid. 

BuifE 22. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; pro- 
vided that two notices of indebtedness, at an interval of at 
least three months, shall have been previously given. 
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ACCOUNTS. 

Rule 23. The accounts of the Association shall be audited 
annually, by auditors appointed at each meeting. 

ALTEBATIONS OF THE CONSTITUTION. 

Rule 24. No article of this constitution shall be altered, or 
amended, or set aside, without the concurrence of three fourths 
of the members present, and unless notice of the proposed 
change shall have been given at the preceding annual 'meet- 
ing. 



RESOLUTIONS 



OB A. 



PERMAIJENT AND PROSPECTIVE CHARACTER, 



ADOPTED AUGUST 19, 1867. 



1. No appointment may be made in bebalf of the Association, and 
no invitation given or accepted, except bj vote of the Association or its 
Standing Conmiittee. 

2. The General Secretary shall transmit to the Permanent Secre- 
tary for the files, within two weeks after the adjournment of every 
meeting, a record of the proceedings of the Association and the votes 
of the Standing Committee. He shall also daily, during the meetings, 
provide the chairman of the two sectional committees with lists of the 
papers assigned to their Sections by the Standing Committee. 

3. All printing for the Association shall be superintended by the 
Permanent Secretary, who is authorized to employ a clerk for that 
especial purpose. 

4. The Permanent Secretary is authorized to put the proceedings 
of the meetings to press one month after the adjournment of the Asso- 
ciation. Papers which have not been received at that time may be 
published only by title. No notice of articles not approved shall be 
taken in the published proceedings. 

5. The Permanent Chairmen of the Sections are to be considered 
their organs of communication with the Standing Committee. 

6. It shall be the duty of the Secretaries of the two Sections to 
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receive copies of the papers read in their Sections, all sab-sections 
included, and to furnish them to the Permanent Secretary at the close 
of the meeting. 

7. The Sectional Committees shall* meet not later than 9 a. m. daily 
during the meetings of the Association, to arrange the programmes of 
their respective Sections, including all sub-sections, for the following 
day. No paper shall be placed upon these programmes which shall 
not have been assigned to the Section by the Standing Committee. 
The programmes are to be furnished to the Permanent Secretary not 
later than 11 a. m. 

8. During the meetings of the Association the Standing Committee 
shall meet daily, Sundays excepted, at 9 a. m., and the Sections be 
called to order at 10 a. m., unless otherwise ordered. The Standing 
Committee shall also meet on the evening preceding the first assem- 
bling of the Association at each annual meeting, to arrange for the 
business of the first day, and on this occasion three shall fonn a 
quorum. 

9. Associate members may be admitted for one, two, or three years, 
as they shall choose at the time of admission, — to be elected in the 
same way as permanent members, and to pay the same dues. They 
shall have all the social and scientific privileges of members, without 
taking part in the business. 

10. No member may take part in the organization and business 
arrangement of both the Sections. 
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ellipsoidal ; and that it would be approximately spherical, if the expell- 
ing force decreased, from one point of the surface of the nucleus to 
another, according to the same law as the heating or luminous effect of 
the sun's rays falling upon the point. This was the form of the head 
of Donati's comet, and is that which has been ordinarily observed ; ,but 
Halley's comet, as seen about two and a half months afler its last peri- 
helion passage, may be cited as an instance of a comet whose head had a 
parabolic form. 

It is also shown that the other suppositions made with regard to the 
nature of the expelling action of the nucleus, give a similar form of 
head. 

The attempt is also made to arrive at an approximate determination 
of the masses and densities of the nuclei of some of the brighter com- 
ets. The measurements that have been made of the distance of the 
vertex of the envelope from the nucleus, enable us to obtain the ra- 
tio of the repulsive force of the nucleus to that of the sun, and so to 
compare the masses and densities of the two bodies. ' The calculations 
were made for five different comets. The results obtained for the den- 
sities, lie between the numbers 4 and 14 (the density of water being 1). 
In some of the calculations, rough estimates of the distance of the 
comet from the sun, at the time of the observation, could only be ob- 
tained. The most reliable determinations, are those made for Donati's 
comet, which are between 4.4, and 5.9; or make the density of the 
nucleus of that comet from 5 to 6 times the density of water, or about 
the same as the mean density of the earth. 

The calculations contain an element of uncertainty, arising from the 
apparent inequality of the expelling force of the nucleus, at different 
points of its surface, variously exposed to the sun. It is possible that 
this inequality may result from the fact of particles differently exposed 
t^ the sun's action having different degrees of susceptibility to repul- 
sion. Upon this view it would have no effect upon the determinations 
of density. Upon any other view the results can only be regarded as 
rough approximations. They may still be relied upon, however, as 
affording sure indications that the telescopic nucleus of a bright comet 
is not entirely gaseous, or nebulous, but either liquid or solid, or com- 
posed of both liquid and solid matter, like the earth. 

The article alluded to was in press before the second portion of Pro- 
fessor Bond's valuable memoir on Donati's Comet, in which the highly 

VOL. xm. 15 
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interesting facts are given concerning the formation and expansion of a 
series of envelopes, came to hand. The recess of each of the enve- 
lopes, from the nucleus, at the rate of from six hundred to one thousand 
miles per day, observed by Prof. Bond, would seem, at first sight, to 
ind^ate that the envelope was a cloudy mass expelled bodily from the 
nucleus at that rate. But to this idea there appears to be an insuper- 
able objection. Each envelope continued visible, without material 
diminution of brightness, for a number of days. Eventually its matter 
was dissipated by the sun's repulsive action. The brightness of the 
envelope was not much greater than that of the tail immediately pro- 
ceedmg from it, from which we may infer that at any one time it did 
not contain much more matter than was posited in an equal space with- 
in the tail, in its immediate vicinity. In the light of this fact how are 
we to explain the fact first mentioned, viz. : that the envelope retained 
nearly the same brightness for several days ; if we suppose it to have 
been one connected mass, wholly detached from the nucleus, and re- 
ceiving no fresh supplies from it, to replenish its stock of materials, 
rapidly passing away into the tail. In fact, the approximate equality, 
generally observed to subsist between the brightness of the nebulous 
envelope of a comet and that of the tail in its vicinity, taken in con- 
nection with the fact that the matter of the tail is perpetually flowing 
away from the head, most decidedly indicates that the tail is but the 
continuation of the stream flowing through the head, and issuing from 
the nucleus as its primary source. 

The rise and gradual recess from the nucleus of a succession of en- 
vdopes may be explained, upon the dynamical theory, by supposing 
that the evolution of cometic matter first begins at the polar regions of 
the nucleus, and gradually extends toward the equatorial parts. By 
the polar regions is here meant the portion of the surface lying around 
the points 90° degrees distant from the plane of the orbit. In fact, the 
nucleus will apparently rotate about an axis perpendicular to the plane 
of the orbit, so far as exposure to the sun is concerned. Under these 
circumstances, if we view the comet under a large angle to the plane 
of the orbit, as was the case with Donati's comet, after the perihelion 
passage, the outline of the visible envelope would steadily enlarge, as 
the process of evolution was propagated further and further from the 
polar regions of the nucleus. This explanation supposes that the enve- 
lopes are not spherical inform^ but that each approximates in its form 
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to a flat semicircular disc, of a certain thickness. That this was 
actually the approximate form of the envelopes of Donati's Comet may 
be inferred from the phenomenon of a yery dark stripe repeatedly 
noticed by Prof. Bond, as extending a certain distance from the nucleus 
along the axis of the tail. This stripe was too broad and too long to 
have been the shadow of the actual solid nucleus ; and it was also too 
narrow and dark to have been the hollow space in the middle of the 
tail, if we suppose the tail to have been round and hollow. I have 
reason to think that Prof. Bond concurs with me in the opinion that 
the axial stripe which he carefully observed and measured, affords an 
almost infallible indication that the envelopes from which the tail pro- 
ceeded were much flattened in the direction of the line of sight ; or 
approximately in that direction.* 

In the idea here suggested, that the evolution of nebulous matter 
may be confined, for a time, to certain zones or districts of the surface 
of the nucleus, we have also a plausible explanation of the fact stated 
by Prof. Bond, that on the 6th of September, '^ when the earth was 
close to the plane of the comet's orbit, was first noticed the curvature 
of the tail ; " upon which he remarks that ^ the observation cannot be 
reconciled with the commonly received opinion that the curvature of 
the tail lies in the plane of motion about the sun." In other words, the 
tail was, at the time of the observation, curved in a plane inclined to 
the plane of the orbit. This would have been the case, upon the pres- 
ent theory, if the tail had been made up of cometary matter ejected 
from parts of the nucleus lying entirely on one side of the plane of the 
orbit. To make this evident, let us suppose a jet to stream out from a 
point on the surface of the nucleus 90° distant from that plane ; it is 
easy to see that the repulsion of the sun would bend it into a curve 
concave toward the plane of the orbit 

The results of the investigation of which I have now given a brief 



^ This conception, in relation to the probable form of a cometaiy enyelope, is 
implied in the explanation of the envelopes, given in the article published in the 
Journal of Science, " On the Dynamical Condition of the Head of a Comet," p. 102. 
The idea here presented, that the flattened form of envelope, supposed in the dy- 
namical theory of the head, was infallibly indicated, in the case of Donati's comet, 
by the phenomenon of the dark axial stripe, was first expressly stated in a letter 
addressed by the author to Professor G. F. Bond, two or three months since. 
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exposition, derive an additional interest from the fact that they lend 
support to the idea of a general force of cosmical repulsion^ exerted bj 
all cosmical masses, and operating imder certain circomstances opon 
matter in an exceedingly attenuated state. This force is probablj 
reallj of the nature of an impulsive action ; that is, is made up of im- 
pulses propagated bj the ether of space, and taking effect against the 
surface of the inoonceivablj minute particles. It is easj to see that 
such propagated impulses, if thej reallj exist, must be more effective 
in imparting accelerated motion to the detached particles of cometarj 
matter in proportion as these particles are more minute. In this way 
we may perhaps explain the phenomenon of nearly straight ^ sapple* 
mentary rays " presented by Donati's comet, and by other comets. The 
matter flowing off in these rays must have had a much higher velocity 
than that escaping in the principal tail, and this may have resulted sim- 
ply finom the more attenuated condition of this matter. 



5. Recent Observations, by vabious persons, on the 6e- 

GENSCHEDf, OR COMPLETED ArCH OF THE ZODIA.CAL LiGHT. 

By Rev. George Jones, U. S. Navy. 

My object in appearing before the Associaticm, at this time, is to pre- 
sent the observations of several other persons on the gegenschein or 
completed arch of the zodiacal light, of which I have received aeooonts 
since our meeting in Montreal The fiict of the complete, unbroken 
arch of this light from the eastern to the western horizon, is not only a 
new one in such observations, but it also is of the highest consequence 
as regards conclusions ; and its importance will, I trust, excuse me if^ 
in exhibiting the whole subject, I repeat (cursorily) some things stated 
two years aga 

On the 17th and 18th March, 1803, Banm Humboldt, while observ- 
ing the western zodiacal light, in the evening, off the western coast of 
America, in lat about 6° N^ noticed a light also in the eastern sky, as 
if a continuation of the former. It was also seen by the sailors on 
board his ship. Humboldt supposed it to be a reflection from the west- 
em zodiacal light then diining with great brilliancy, and called it ge- 
genschetn, a term which, for the sake of distinction where there is acta- 
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ally a differeace, we maj find it well to preserve. I shall use the word 
gegen$chein (or shining opposite) in this paper; and by it I mean alight 
distinct in color and appearance from what in books has usually been 
called the zodiacal light Let us take, for instance, an evening obser- 
vation under circumstances favorable to the full development of the 
gegenschein ; — the time we will say, an hour and a half after sunset 
There will then be in the west, a strong, yellow light, nearly pyramidal 
in shape, the light strongest at the horizon, and diminishing in intensity 
as our eye ascends toward the vertex of the pyramid. There, how- 
ever, the light does not end in a point ; but it changes now into a belt 
of white light, with parallel borders, which belt passes over to the ^ast^ 
em horizon, its axis or central line nearly on the ecliptic ; and thus, 
with the yellow pyramidal light, we have a complete arch from east to 
west, passing usually in or near our zenith. Towards dawn, these ap- 
pearances are exactly reversed, the pyramidal, yellow light being now 
at the east, but the complete arch is still preserved. This white belt I 
shall, in this paper, call the gegenschein : the yellow, pyramidal light I 
shall call by the old name of zodiacal light, since, as just remarked, we 
may find it best to keep a distinction between the two; although, in my 
opinion, they are both from the same ring, the zodiacal light being from 
the portion of the ring towards the sun, where, consequently, the re- 
flected sunlight is strong enough near the horizon, to show the extreme 
borders of the ring, and thus to give the light there a pyramidal shape. 
The gegenschein has always appeared to me as a white light, exactly 
resembling that of the milky way, and with parallel borders, except at 
its lower extremity, where it mixes with the glare of the horizon, and 
seems to spread a little. At midnight, the light is all gegenschein, ex- 
cept at the two extreokities on the horizon, where, at that hour, the 
sun's clearly reflected light shows itself: an effect somewhat similar 
takes place, indeed, at all the deep hours of the night Whether the 
gegenschein is rejkcted light, or whether it is independent light from 
self4vminous matter^ is a subject open to discussion, and a most impor- 
tant one. For, if it is independent light, as I am strongly inclined to 
think it is, then we have an item gained in that most interesting que9r 
tion of the qualities of nebulous matter. 

I return to the historical facts in the case. 

In December 1853, and March 1854, the gegenschein was observed 
by Theodore J. C. A. Brorsen, observer at the observatory of Senften- 

15* 
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berg, in Bobemia, wbo poblisbed notices of it in '^tfae department of 
astronomy, geograpb j, and meteorology, fonnerly edited by Jahn, and 
now bj Prof. Heis, in the annual of 1854^ folios 38 and 156."* The 
same work contains subsequent notices of this subject bj Brorsen. 

I made observations myself on the gegensdiein, on July 7th and 9^ 
and August 5th, of 1853, in the eastern seas, which are noticed in the 
3d Vol. of the Japan Expedition ; and I saw it also, subsequently, dur- 
ing that cruise. But my most satisfiictory obserrations on this subject 
— observations which, in their interesting character, go far beyond all 
those in the Japan expedition, were made on the Andes, near the eqoa- 
tor, whither I went in the summer <^ 1856, in osder to observe further 
on the zodiacal light. I had no particuiar expectations respecting the 
gegenschein ; and therefore was the more gratified as weU as surprised 
whan, at my second observation on those heights of 1(^000 feet above 
the sea. I saw the complete arch of light across the sky, as if a belt ot 
thin, white gauze were drawn over the heavens £rom east to west, and 
so distinct as to look fike another milky way. I snr tfats^ at every o^ 
9emitu>m^ dnriHg serem mtoHtJks om the Andes; and when moon and ckmk 
did not interfere, tU every komr of the might; so thai, on these latter ooo- 
sioa^ one night*s set of obsenratioos gave me the comjdete chrde of the 
heavens* except 20^ on each side of the sum. The gegenscheiB. hi aL 
these case^ had an equal widdi throogfaoot; was a white fight hke tb: 
of the milkr war; and was strongest at its axtai or central fine, wbenx 
it dimnh^l otT towards i^ ed^^ or sides-f On three separate c^ca- 
sioas«. iadlvkiitalN. who lad never obis^rved the lodiaral £^ht beto. i< 
going oat wi:h me to my obs^vatioos^ saw the complete arch at ccct: 
axHJU at my neqxiest. gave its bocmiLiries azzKtcg the aoxs. which bco 

daries vi^rr neairlT corre^rccded to thoge I was mvsdf in the tatt d 

. . ^ . 

drawir^e on mv asorooomkal ei&arts* 

Atbfr my n::um hocte* I seat blunk ehai^ of the ^aes fe» ser^ 
firieovLN. w::a n?\|:iests thai tiiey woald c»i>c<»ve fiir thk complete are^ 
and make tmcirr^ o£ ics boaxfii;iries : and bit flsare especial «cjees ^^ 
h^ to ^ve :L^e resujs* wiiii ss-^-a ocber sab^et^cpaifi fiacB ^ faf* "MI* 
incuk nrv ros^se^ocL Tbe !irst ec these wh5di I shall iiv heuR ^ 
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*jLt x^^crtiLi: ^f ±«ra» ^cserr:imis m ±b JLii5s¥v 5as Seat jno^teiatie-l^ff 
^onaL ^c Soaice* X^j* ri» an;^ series 
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Association, is a letter I have received from Prof. Brorsen, dated Senfl- 
enberg, Bohemia, January 10, 1858. I will give only its most im- 
portant details. He says : 

^^ This zodiacal light and the phenomenon entitled by Baron Hum- 
boldt, the gegenschein (Kosmos, Vol. III. p. 589), I observe at this 
place on every clear evening, when not prevented by moonlight, with 
the exception of the months of June and July, when the twilight is too 
binght, and also the months of December and January, when, in both 
these months, the light falls on the milky way, and is extinguished by 
its splendor. I take the liberty of giving a brief record of some of 
the most remarkable appearances of these phenomena, which I have 
observed during the last year. 

<' 1857, April 17. I never before saw the zodiacal light* and the 
gegenschein so uniform and strong in their whole extension, shining up 
to 180° from the sun. The gegenschein had a pyramidal form between 
the 9^ and 10^ in the evening, with its base turned towards the S. E. 
horizon ; in Leo it showed itself, only a very little dimmer however, 
on the S. border, and throughout and everywhere more sharply defined 
than on the northern border. 

^^ April 18. The gegenschein very beautiful; the brightest spot in 
the same was very prominent. 

"August 14, 4. The brighter place of the gegenschein ^ i? 21^ 
43m. d— 14° 0'. Place of the sun's centre AE d^ 37°^. d + 14° 2'. 

"Aug. 22, 4. The brightest spot of the gegenschein AJU 22^ 10» 
5_ 10° 5'. Place of the sun's centre AH 10^^ 7"^. 5+ 11° 6'. 

" 1857, September 23, 10**. The gegenschein of the zod. light very 
beautiful and distinct, in a reddish glimmer between the upper end of 
the northern fish-band and the westernmost of the two fishes, % v, $ of 
the fish and t ceti ; the brightest part of the gegenschein is quite near 
the vernal equinoctial point. Of the prolongation of the same along 
the ecliptic east and west towards the milky way, I could not observe 
any vestige at present 

" September 25. The gegenschein very beautiful and even more 
conspicuous than on the 23d ; about the same position and appearance 
as on the 23d ; a continuation in the ecliptic E. and W. not perceptible. 
The brightest point of the gegenschein is AJ2 0^ 11^. d-^-V. The 
place of the sun's centre ^ i? 12^ 9°*. 5 — 1°. 
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^ October 13*. The gegenscfaeiiiof Hu^ zo^aeal fi^t betwvea the iMads 
gf the fishes is a pale reddish^ and its prolongatiba visible as &r as the 
zodiacal light toward die Si> W^ ahmg the ecliptic. 

^ October 15« The gegenschefn between a^Wy ft^s Ksciu iu is irery 
strifcrngy of a reddish tinge ; tibe prolongatiDn westward in the ed^tn: 
scarce perceptible. 

^ October 24. The geg^ischein very beantffal in a somewhat red- 
dbh light below ol and ^ Arietis ; the prolongation toward tilie hori^son 
to Capricorn verj distinct and of a pyramidjal appearanee." 

In three re^ectsy Fro£. Brorsen^s obs^nraianns diffier from, jxlj <iwn. 
1. He ^eaks of the gegenscfafiin as havingapale redoKsh tinge z to mi^ 
eye it always speared as a pale white light^ exactly like thali of the 
milky way. It was as if a thin white gaoze were drawn, arGhh<db£^ed, 
across the sky. 2. He speaks of a brightast sgo^ L e. a spot brighter 
dian the rest, almost directly opposte die sun^ His poblicadan (Id54) 
in the ^ AstronomisGhe JfachrichtKn,** p. 998, adverted to aocha&ct, and 
led me, in my observations on the Andes, to give partieidac attention to 
diis subject. At first I, ni^t afier nighty ran my ej^ alon^ die geg«ir 
schien without having previou^y taken pains to ascertain where, in the 
sky, the point opposite the sun might be : but I conM see no bri^litest 
spot Then again, I took pains, befiire going out, to find idiere, among 
the stars, was the sun's opposition ; and I examined diis place carefitily 
for a spot bri^iter than the rest of die gegenschein ; but was never-able 
to discern any such* 3» Pro£ !&nirsen speaks of a ^reading out of 
die gegenschein, pyramidicaUy, at die hocizon opposite die suni I 
could never see this, except what was produced by die usual white 
^are near the horizon; with the exception also that in the deep hours 
of the night, when the sun was now acting at both horizons so as- to 
make the zodiactd light proper overpower the gegenschein, there was 
then a »nall pyramid of yellowish li^t at each horizon* I have 
scarcely a doubt that the pyramidal form referred to by Prof. Bi»rseii 
was owing to these oanses. All these three subjects are to be matter 
of further particular attention by observers. 

Mr. Edward C. Herrick, of ^ew Haven, Cornt*, has, &r many years, 
given close attention to the zodiacal light; and I wa& anxious 
to engage him as an observer of the gegenschein, if it could be 
seen as tar north as that. Under date of A^ril 17, 1858) he has wriN 
ten me, ^ I am much obliged to you for your favor of die Sth iost^ and^ 
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on almost every favorable night since its reception I have looked out 
for the zodiacal light in the east [the gegenschein], about nine o'clock, 
p. M. I also notified Profs. Olmsted, Dana, and Newton, and other 
gentlemen, and requested them to observe likewise. Here, in the 
midst of the city, we find much embarrassment in observations on so 
faint a light, at this hour, from the illuminations of the gas-lamps in 
the streets. On two of the nights, moreover, we have had more or less 
of the aurora borealis. 

" My general result is, that, in the most favorable circumstances, there 
seems to be a slight milkiness along the ecliptic in Cancer and Leo, but 
I cannot trace any certain connection between this and the strong west- 
ern zodiacal light" 

April 20th, same year, he wrote. ..." Observations for the zo- 
diacal light in the eastern sky, in the evening, were made by several 
of us here, independently, on several occasions about a month since. 
The general conclusion arrived at was this : — That a very faint illumi- 
nation could be traced about the ecliptic, not quite to the horizon, and 
on the northern limb mingling with light from a region much further 
north. I was disappointed in its general faintness, and in my inability 
to trace the connection from the western zodiacal light. Part of the 
difficulty I attribute to the glare of the gas-lights, which we cannot es- 
cape without going a long distance." 

April 30th, same year, he wrote : "I have to-day received from my 
friend and former work-fellow, Francis Bradley (now of Chicago, 
Jll.), a statement of his recent observations on the evening zodiacal 
light in the east, in which you will doubtless feel much interest. In 
his letter, dated 27th inst., he says : ^ You will be pleased to hear that 
I have seen that light in the east, or something which resembles it both 
in position and shape. It is only less bright than in the west I have 
seen it repeatedly ; and on one evening took a brother out with me, 
who has had no experience in looking after such things (although he 
has been a sailor, and is really far-sighted), telling him only that there 
was a light somewhere in the east running up from the horizon. He 
soon detected it I had no doubt before. But this was a confirmation 
of the fact March 11th, I had a good view of it both west and east, 
but could not trace it overhead. Its altitude seemed to be about the 
same on either side. The milky way, beehive, and a few bright stars, 
interfered in the region overhead, and, at best, the sky looked only mot- 
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tied. It lay decidedly north of the ecliptic on both sides, east and 
west' " 

The atmosphere in Texas has a remarkable transparency, particu- 
larly after '< northers;" and the German settlers there, as noticed in 
Olmsted's travels, say that the skies seem to be nearer to them in 
Texas than in any other part of the world. The southern portions of 
that State have also the ediptic almost vertical to them in the evening, 
in March ; and always the nearer we can bring the ecliptic to our ze- 
nith, the more satisfactory do our observations on the zodiacal light and 
gegenschein become. In latitudes further from the equator, we look 
more slantingly or sidewise through this nebulous matter, and it is 
therefore less decidedly marked on the sky. I was accordingly very 
desirous of having observations in Texas ; and I have found a willing 
and efficient co-laborer in CoL C. G. Forshey, head of the Military In- 
stitute at Rutersville, lat 29° 58' N., Ion. 96° 46' W. I sent to him 
blank star-charts, with a request that he would make tracings on them 
of the boundaries of this Ugbt among the stars, and would forward some 
of these to me. In a letter from him under date of April dth, 1858, 
he says: '^For two months and more I have continually seen the com- 
plete girdle of the zodiacal light whenever the weather and moon per- 
mitted, and find now to my satisfaction that I have witnessed the same 
all winter, but was afraid to allege it, even in my own journal. But 
when I found my little children able to discern this secondary milky 
way in the heavens, I no longer doubted." * 

March 2d, 1859, he wrote : ^ Your favor has been some days in 
hand, but for a month past we have had no suitable night for observa- 
tion until this evening. I have just traced a chart for you, and have 
accompanied it by one of last year of the same date. 

"The former of these exhibits very plainly the ^ river of light* across 
the entire heavens, with its axis a very little north of the ecliptic in the 
western sky, but quite far from it east of the galaxy. The chart last year 



*^ In this letter he says, also : " If 70a will pardon the abmptnesa of the thing, I 
will here inquire whether you have observed the tendency of the sporadic meteors to 
run down the zodiacal light 1 I have repeatedly made this note. Is it because my 
eyes are so constantly turned that way ? That would not account for the direction 
they 80 often take." In answer to this query, I may mention, that I have often 
thought that I observed the same thing, but I am still donbtfiil of the fact. 
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was projected very soon after I had detected the light in its full extent, 
and does not give the axis very definitively. A great number of ob- 
servations made since that time, have confirmed the location as shown in 
to night's observation — that the axis from Gemini to Scorpio, lies con- 
siderably north of the ecliptic, perhaps 3° or even more. 

" You will perceive too, from the observation at 7^ 35™ p. m., the 
axis does not run exactly parallel to the ecliptic, and hence the meteor 
seems not symmetrically placed in reference to the sun. Many obser- 
vations of mine give like results." 

Col. Forshey has sent me three charts, with tracings on them, giving 
the boundaries of the zodiacal light proper, and of the gegenschein. 
The latter are parallel, and make that belt, or ^^ river of light,"* about 
11^ in width. In my observations at Quito, the gegenschein presented 
itself with its strongest light along its central or axial part, thence dimin« 
ishing in brightness on either side for some degrees, when there was 
sometimes a sudden and great dimming, after which the light gradually 
dimmed, until it entirely ceased: so that it looked as if there might 
have been two belts, one of a stronger light lying against or impressed 
on a dimmer exterior one, but both having the same axes. Col. For- 
shey's belt, as traced on his charts, corresponds very nearly or quite 
with my stronger or inner belt as seen at Quito, the other or fainter 
one probably not being perceptible to him in Texas. Indeed I could 
not always make out this sudden dimming at Quito, and it is not 
always noted on my charts. The average of my Quito observations 
showed that this belt of light crosses the ecliptic at an angle of 3° 20', 
the nodes being in Ion. 62^ and 242^, the ascending node being in 62^, 
so that in our evening sky there in April, the portion of the belt visi- 
ble to me was north of the ecliptic. Col. Forshey's observation that 
the axis of the gegenschein was then north of the ecliptic at a distance 
of about 3® 30', but was not parallel to it, had a very close coincidence 
with my own, as have also the width of the belt and the parallelism 
of its boundary lines. 

In the annotations on one of his charts, April 4, 1859, 9 p. m., he 
remarks : " The zodiacal light reached entirely across the sky, which 
is clear though not very bright. . . . Four cadets, who had never 
seen the zodiacal light, traced the column from the milky way to the 
foot of Virgo [120°, nearly all of gegenschein]. Its axis passes 
through or very near tj Leonis. The existence of this meteor now as an 
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entire circle, is beyond question with me, and it has doubtless always 
been so, but only lately observed with precision." 

March 2d, 1859, his annotations say: ^At 11, p. m., the light is 
undoubtedly visible through the whole eastern heavens up to the head 
of Leo, and in the west still visible up to the milky way, and dimly 
seen across the galaxy to Gemini" 

These observations in Texas are very satisfactory. At Annapolis, 
Md., where I have resided since my return from Quito, I have repeat- 
edly seen, in the spring, the complete arch of the zodiacal light and 
gegenschein, each with its peculiar color as on the Andes; but the 
boundaries were so indistinct that I have not made any effort at tracing 
them on my charts. Prof. Chauvenet, at the Naval Academy in that 
city, saw portions of the gegenschein on several occasions ; and one 
night about 10 o'clock — the atmosphere remarkably clear — I was 
walking with the rector of the Episcopal church in that city, and with a 
lady well known through our country for her philanthropic efforts, con- 
ducted with force of intellect as well as excellence of heart; and on my 
happening to look toward the sky, I exclaimed at the distinctness and 
brightness of this gegenschein girdle. They both also saw it at once, 
and were able easily to trace it quite across the heavens from east to 
west. 



CONCLUSIONS. 

1. / think, then, that the existence of such a complete arch of light 
across the shy from east to west may he set dovm as a clearly and ftdly 
established fact. To recapitulate the proof: a part, if not the whole, 
of the gegenschein connecting itself with the zodiacal light was seen by 
Humboldt ; the whole arch has been seen by Prof. Brorsen in numer- 
ous instances, and careful observations on its various appearances have 
been made by him ; I saw it on the Andes for seven months, every 
night, and at every hour of the night, when clouds or the moon did not 
interfere ; and sometimes having repeated observations through the 
same night from the evening to the morning crepuscule, I saw thus, in 
one night, the complete circle of this light, with the exception of 
about 40° next the sun. In all these instances, and also at Payta, in 
Peru, at Panama, and off Cuba, I made tracings on my charts of the 
boundaries of the light. This complete arch was also seen, on the 
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Andes, at Payta, and at Panama, by three other different observers, 
who had never given attention to the subject before, but to whom the 
arch was so distinct that they all were able to trace its boundaries 
among the stars, and I was able, by their dictation, to mark these boun- 
daries on my charts. The arch has also been seen by Mr. Bradley and 
his brother, at Chicago; Mr. Herrick and Prof. Chauvenet have clearly 
made out parts of the gegenschein ; the whole arch was distinctly seen 
at Annapolis by two persons who had never observed on the subject 
before ; and finally, Col. Forshey has repeatedly seen it in Texas, and 
has given me tracings of its boundaries. The cadets in his school and 
his children were also able to follow its markings on the sky. There 
is, thus, an amount of evidence that appears to place the subject beyond 
a doubt 

2. The boundaries of the gegenschein as I have seen it in all my ob- 
servations on the Andes, and elsewhere, werb parallel. Thus they 
are also in the tracings dictated to me by the three persons just advert- 
ed to, on the Andes, at Payta, and at Panama (in the last case by 
Lieut. Wyman, U. S. N.) ; and so also are the tracings sent to me from 
Texas by Col. Forshey — at least, the latter differ at their extreme ends 
by only a single degree. 

But if this gegenschein circle, or even semicircle, has this parallel- 
ism of boundaries, then there seems to be only one conclusion as to rela- 
tive position to us, namely, that it must in all its parts, be equidistant, 
or, in other words, is a geocentric ring. The rules of perspective 
will scarcely admit of any other conclusion than this. 

8. It would seem that the gegenschein represents the denser portions 
of this ring, while the zodiacal light with its yellow tinge gives to us 
the full extent of its boundaries ; its portions of greater tenuity at the 
edges being invisible to us except by the reflected light from the sun. 



6. On the Supposed Lunar Origin of Aerolites. By B. A. 

Gould, Jr., of Cambridge. 

A THEORY frequently urged, if indeed not generally prevalent, con- 
siders aerolites as products of lunar volcanic eruption^ thrown to the 

VOL. XIII. 16 
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earth hj the original eraptive force, which propels them beyond the 
sphere of the moon's dominant attraction. 

Now the assumption, that an aerolite has thus fallen directly to the 
earth, implies limits to the direction in which it must have lefl the moon, 
as also limits to the force with which it must have been projected in 
any given direction. And it follows that *for any projectile force, as- 
sumed as constant, there are limits within which the mass of the body 
must be contained, in order that it may reach the earth. The exami- 
nation of these limits is a very simple problem, and its results appear 
decisive in their bearing upon the theory upon which the assumption is 
founded. 

The force of gravity at the moon's surface being about one sixth of 
that at the surface of the earth, any thing ejected from a lunar volcano 
would rise to a height far greater than that to which it would be thrown 
by a terrestrial volcano of equal power. The absence of any consider- 
able atmosphere on the obverse side of the moon would increase the 
proportional height ; and it is conceded that bodies sent from the moon, 
earthwsurd, with a velocity of about one mile and a half a second, would 
pass out of the region where the lunar gravitation predominates over 
the terrestrial, and would become obedient to the earth's attraction. 
This requisite velocity is by no means an improbable one, being decid- 
edly less than has been observed in masses ejected from terrestrial vol- 
canoes, and only three times as great as that claimed for the new rifled 
ordnance ; so that no objection on this score can reasonably be urged 
against the theory under consideration. Let us, however, examine the 
consequences to which the adoption of this theory would necessarily 
lead us. 

1. Let us suppose a projectile expelled from the moon's western 
limb, in a direction just opposite that of the lunar motion, and consider 
the velocity required in order that the superior attraction of the moon 
may be overcome by the expelling force, and the body left equally free 
to describe a geocentric or a selenocentric orbit. The moon's mass 
being about ^ that of the earth, we have for the selenocentric motion 
of the body, according to the fundamental formula of orbital motion. 



'''=''t~^) = 4oO-2^) 



The last term being constant for any orbit, we may put 

40r 
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and if A be the distance from the moon at which her attracting force is 
equalled bj that of the earth, so that the orbital motion of the moon is 
all that remains to the ejected mass, we have 



l = SA--^' 



and consequently. 



t;»: 



40r 40/** 



Now at the moon's surface r is, in round numbers, about ^J^, using 
the moon's mean distance from the earth as unitj, so that the velocity 
of projection will be 

the mean velocity and distance of the moon in her orbit being the 
units. The distance h cannot well be assumed as less than ^, which cor- 
responds to 1?'= 6 ; and all greater values of A. would imply greater 
values for v\ 
2. The same fundamental formula 



"■-C--9 



answers the question as to the force of projection which would send a 
body from the moon to the earth's surface. To produce this result it 
is of course necessary that the body should describe a conic section, of 
which the perigee is within the globe of the earth ; or, in other words, 
with a perigee-distance less than the earth's radius. This we may call 
in round numbers, four thousand miles. Putting the projected mass as 
unity, we have for the body when first beginning to fall earthward, and 
consequently at apogee, 

r=a(l + e) 
so that 

,211 1— « 1 n 

« 

in which /land A denote the distances at perigee and apogee respectively. 

That the body may strike the earth's surface vertically, the perigee-dis- 
tance must be ; that it may graze the earth at a tangent, this distance 
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« 

must be four thousand miles ; that an aerolite may fall from the moon 
to the earth at all, it is requisite that the perigee fall between these 
limits of distance. 

For the maximum perigee, we have 

n_ 4000 

3? ~ 250000 ' 

or roughly ^ , so that the square of the corresponding initial geocen- 
tric velocity would be 

60 a' 

and since, if we neglect the eccentricity of the lunar orbit, the moon's 
velocity is given by the expression, 

^ a' 2a' 
we have with sufficient approximation 

30 

as the measure of the maximum initial geocentric velocity. 

Now that the body projected from the western limb, in the plane of 
the orbit, may abandon the moon and obey the earth's attraction, it has 
been shown that its minimum velocity of original projection must be 
not less than t? = ^6 K These are the most favorable circumstances, 
and taking this value as correct, we find the limits of projectile velocity 
from the moon to be 

t;2 > 6 r^ 

It is thus manifest that, whatever the force of propulsion which would 
just enable a body to pass from any part of the moon directly to the 
earth, an increase of this force by about its y^^ part would render it 
impossible again. This change of yiiy in the force corresponds to a to- 
tal change of ^^^ in the velocity, or to a variation of it yj^ from the 
mean velocity of aerolites ; which would, upon the assumed theory, bring 
the mass to perigee at a distance of 2,000 miles from the earth's centre of 
gravity. Any increase or diminution greater than this would preclude 
the possibility of the aerolite's striking the earth at all. 
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3. In the next place, it is not a difficult task to find limits for the re- 
gion upon the moon's surface, within which the volcanoes must be situ- 
ated, if the aerolites come to us from them. We are at once relieved 
from the necessity of considering any part of the moon's eastern hemi- 
sphere, since all masses ejected from that side must be aifected with 
the moon's orbital velocity in addition to the component of the projec- 
tile impulse in the same direction, and thus hopelessly precluded from 
finding a perigee within the body of the earth. That an ejected mass 
should reach the earth from the centre of the moon's disc, would 
require an infinite velocity ; and it is evident that the portion of the ob- 
verse lunar hemisphere within which the volcanoes sought must be sit- 
uated is approximately in the form of a half-lune, with its vertex at the 
centre of the disc, and its greatest width at the western limb. What is 
this greatest width ? Manifestly not very great ; and if we consider 
volcanoes of any power assumed as constant and alike in all, the rela- 
tive forces required for different volcanoes would be in the exact ratio 
of the secants of their selenocentric latitudes. Since the maximum 
force may only be diminished by its i^j^ part, it will be seen that the 
limits are situated where 

sec ^ = 1 + xi,y, 

so that if a volcano acting with unvarying power on equal masses at 
the most favorable part of the lunar surface exerts on them the maxi- 
mum force requisite for sending them to the earth, no volcano exerting 
just the same power could ever send us its lava masses of equal mag- 
nitude, did its selenocentric latitude exceed 6^. 

4. Finally, we find analogous limits for the mass ejected, prescribed 
by the same considerations. The square of the velocity imparted be- 
ing proportional to the mass, or to the cube of the diameter, while the 
projectile impulse is proportional to the area, or to the square of the 
diameter, it follows that the force of propulsion imparted by any vol- 
cano of constant power is simply in the inverse ratio of the diameter of 
the body ejected. A globular mass of twice the diameter would require 
double the force in order to throw it to the same distance, and we have 
here again a limitation to the size of the aerolite, provided all other 
conditions are favorable. Its diameter may not be increased or dimin- 
ished by j^jj part without a change of more than 4,000 miles in the 

16* 
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perigee distance; a volcano therefore which is situated in the plane 
of the orbit, and acting with a constant force can send a lava mass of 
given dimensions to the earth, would be unable to do this if its seleno- 
centric latitude were changed by an amount where maximum is 6°, or 
if its longitude were enough changed to throw it out of a very small 
lune, or if either the force exerted or the diameter of the body were 
changed by their y^^^ part, the other elements remaining constant. 

Among so varying elements it is of course impracticable to assign defi- 
nite limits to the force of the mass or the position of volcanoes which 
may send as their products, but this is by no means necessary for our 
argument. We are, however, warranted in inferring the following con- 
ditions as necessary: 

For any force which can throw to the earth an aerolite of given 
mass, the whole extent of variation may not exceed its yj^ part; for 
any mass which, when impelled by a given eruptive force can reach 
the earth, the whole extent of variation may not exceed ^^jj of its 
diameter ; for any position on the moon, whence a given eruptive force 
will throw a given mass to the earth, the whole extent of variation is com- 
prised within an area of j^ or ^ of the lunar surface. 

From the foregoing considerations we are warranted in assuming 
that, for every body expelled from lunar volcanoes with a force adapted 
for throwing to the earth an aerolite of average dimensions, there are, 
in probability, at the very least 180 bodies expelled with forces not 
thus adapted ; that, for every mass ejected with the average force of a 
lunar volcano and striking the earth, there are at least 180 masses of 
inadequate dimensions ejected ; and that, for any given combination of 
volcanic force and projected mass, the region of the lunar surface 
whence the mass may reach the earth is exceeded in extent by the 
tract of lunar surface whence this would be impossible, in the ratio of 
about 50 to 1. Combining these several individual probabilities, it 
will readily be perceived that not more than 

of all the ejected lava masses, or about 3 in 5,000,000 of each possible 
size, would probably ever reach the earth as aerolites. Nor is this an 
unsafe estimate. It is a very guarded one ; and the fraction y^^J^ijT 
would be more likely to be correct. 

NoW} can we regard it as probable that the moon has parted with so 
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large an amount of matter as, nearly if not quite, two million times the 
combined mass of all the aerolites which have fallen to the earth? I 
think not. Even of those known to have fallen, there are more than 
500, of various weights, one of them having a mass of 30,000 pounds. 
The tokens of such a loss of gravitative matter as this would imply, 
could not fail to be legibly inscribed in the unerring, and enduring rec- 
ords of our system. They would preclude the accordance, which is 
found to exist, between the present lunar theory and the ancient obser- 
vations. They would be found inconsistent with the known values of 
precession and nutation. They might, indeed, almost be said to be in- 
compatible with the present mass of the moon. 



m. PHYSICS AND CHEMISTRY. 

1. The Correlation op Physical, Chemical, and Vital 
Force, and the Conservation op Force in Vital Phe- 
nomena. By Prof. Joseph LeConte, of Columbia, South 
Carolina. 

Matter constantly changes its form — but is itself indestructible 
except by the same power which called it into being. The same quan- 
tity of matter exists in the universe at all times. So also force 
changes its form constantly, but is itself indestructible, incapable of in- 
crease or diminution, and the same absolute amount of force exists in 
the universe at all times and forever. The mutual convertibility of the 
various forms of force is called " correlation of forces." The invari- 
ability of the absolute amount in the midst of constant change is 
called " conservation of force." This principle of correlation and con- 
servation of force must be looked upon as one of the grandest general- 
izations in modem science, a principle startling at first, but when clearly 
understood and firmly grasped, almost axiomatic. It must be consid- 
ered a necessary truth, and as such is a legitimate basis of deductive 
reasoning. 

The correlation of physical forces is universally recognized as a prin- 
ciple in science, and not only so but has already been productive of 
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many beautiful and useful results; but the correlation of physical 
and vital forces while generally recognized as a probable fact has 
only been speculated on in a vague and as yet unfruitful manner. 
The science of life is scarcely yet ripe for the legitimate extension of 
this principle over its domain. The most elaborate attempt of this kind 
which I have seen, is contained in the very remarkable and suggestive 
paper of Dr. Carpenter, entitled " Mutual Relation of Physical and Vital 
Forces," and published in Phil. Trans, for the year 1850. 

In the present paper I wish simply to present a few thoughts, which 
have originated in my own mind, in the course of reflection on this sub- 
ject, in the hope that they may prove suggestive to othere. They have 
at least the merit of being uninfluenced by the writings of others, — 
and therefore, perhaps, of presenting the subject in a somewhat new 
light. I sincerely wish I could present the matter in a more definite 
form, but it is certain that where a subject is not perfectly understood, 
the attempt to give our ideas more definiteness also makes them more 
questionable. We are obliged to be content with a certain vagueness, 
in the hope that by the use of right methods a clearness will come af- 
ter. We must gratefully accept the twilight in the hope that it marks 
the approach of the full light of day. 

There are four planes of material existence, which may be regarded 
as being raised one above the other. T\\q first and lowest is the plane 
of elementary existence, the second the plane of chemical compounds, 
or mineral kingdom, thirds the plane of vegetable existence, vji^fourthj 
of animal existence. Now, it is apparently impossible for any known 
force in nature to raise matter through all these grades at once. On 
the contrary there is a special force adapted for the elevation of matter 
from each plane to the plane above. It is the special function of chem- 
ical affinity to raise matter from plane No. 1 to No. 2. All the changes, 
too, which take place upon plane No. 2 by the mutual reactions of bod- 
ies situated on that plane, are under the guidance and control of this 
force. It is the special prerogative of the force of vegetation — of veg- 
etable life, to lift matter from No. 2 to No. 3, i. e., from the condition 
of mineral matter to the higher condition of vegetable matter. All the 
changes which take place upon this plane, the laws of which constitute 
vegetable physiology, are under the guidance of this force. Finallyi 
the force of animal life and that alone enjoys the privilege of lifting 
matter still higher into the 4th plane, i. e., the plane of animal exist- 
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ence. No force in nature can lift from No. 1 to No. 3, or from No. 2 
to No. 4. Plants cannot feed entirely upon elementary matter, nor 
can animals feed upon mineral matter. The reason of this will be 
seen in the sequel. Thus it seems that after matter is raised from the 
elementary to the mineral condition, it requires an additional force of 
another and peculiar kind to raise it into the vegetable kingdom, and 
again another accession of force to raise it into the animal kingdom. 
These kingdoms are, therefore, truly represented as successive planes 
raised one above the other, thus : 

No, 4. Animal Kingdom. 

3. Vegetable Kingdom, 

2. Mineral Kingdom, 

1. Elements, 

If, then, it be admitted that this is the relative position of these 
planes — that it requires a greater and greater expenditure of force to 
maintain matter upon each successive plane, then it follows that any 
amount of matter returning to a lower plane hy decomposition must set 
free or develop a force which may under favorable circumstances raise 
other matter from a lower to a higher condition. Or, to express it by a 
mechanical illustration, a given amount of matter falling from one plane 
to any plane below, develops a force sufficient to raise an equal quan- 
tity of matter an equal height. Thus decomposition must in every case 
develop force y which force may take the form of heat as in combustion, 
or electricity as in electrolysis, or may expend itself in forming chemi- 
cal compounds or even in organizing matter. 

Again, in the same manner as matter may be arranged in several 
distinct and graduated kingdoms, so it seems to me the forces of nature 
may also be properly divided into distinct groups arranged in a similar 
manner one above the other. These are the physical, the chemical, and 
the vital forces. And as in the case of matter so also in the case of 
force, it is impossible to pass directly from the lowest to the highest 
group without passing through the intermediate group. The conver- 
sion of physical into vital force seems impossible without passing 
through the intermediate condition of chemical force. 

These are the simple principles upon which are based all that fol- 
lows — principles which may possibly seem fanciful to some unfamiliar 
with the principle of conservation of force, but the number of phenom- 
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ena which thej consistently explain will I hope entitle them to serious 
thought. 

1st. It is well known that chemical elements, in what is called the 
''nascent condition,*' i. e. at the moment of liberation from previons 
combination, exhibit a peculiar energy of chemical affinity not exhib- 
ited under other circumstances. It seems to me that this is readily ex- 
plicable on the principle of conservation of force. At the moment of 
decomposition the chemical affinity which bound the elements together 
and which was before satisfied, is suddenly left unsatisfied. There is 
an attraction set free which was before disguised — a force libercUed 
which was before latent. If conditions favorable are present this force 
may preserve the form of chemical affinity, and expend itself in form- 
ing other chemical compounds ; or even, as we shall see hereafter, in 
organizing matter. But if favorable conditions are not present, then it 
may take some other form of force, e. g. heat or electricity, and there" 
fore no longer exist as chemical affinity. The chemical affinity is said 
to be lost. To return to the mechanical illustration used above. Mat- 
ter falling from plane No. 2 to plane No. 1 develops force sufficient io 
raise other matter from plane No. 1 to No. 2, but which in the absence 
of such matter may expend itself in heat or electricity or some other 
form of physical force. 

2d. It is a fact, now well established, that the seed in germination 
forms carbonic acid, and in doing so loses weight. That is, the organ- 
ized matter of the seed is partially decomposed^ a portion of its carbon 
uniting with the oxygen of the air to form carbonic acid. Now it is 
this decomposition which develops the force by which germination is 
effected. A portion of the organic matter of the seed is decomposed. 
This decomposition sets free a force which suffices to organize the rest. 
The force necessary and therefore the amount of decomposition neces- 
sary in this case is small because the work to be accomplished is simply 
the change from one form of organic matter to another, or rather from 
organic to organized matter — to recur again to the former illustration, 
merely shifting a certain quantity of matter from one place to another 
upon the plane No. 3. "But how," it may be asked, "is this decompo- 
sition brought about?" This seems to be effected by the heat, and per- 
haps (according to Hunt) by the actinic rays, of the sun.* Heat and 

* See Report by Eobert Hunt on the Growth of Plants, Rep. Brit. Ass., 1S46, p. 
33, 1S47, p. 30. 
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actinic rays have been spoken of by many writers, e. g. by Carpenter 
and by Robert Hunt, as the physical force which is changed into organ- 
izing force by means of the " substratum of an organized structure ; " 
but the peculiarity of the view which I now present, is that this con- 
version does not take place immediately^ but only through the mediation 
of another force mofe nearly allied to the vitaly namely, chemical force. 
The food is laid up in the seed mostly in the form of starch. In the 
act of germination this starch is changed into sugar. Starch, as is well 
known, differs from sugar in two important respects, namely, it is insoluble 
and it is more highly carbonized,* Now, according to the ordinary 
view, the only object of the partial decomposition is to change the food 
firom an insoluble to a soluble form — and this can be done only by 
elimination of a portion of the carbon in the form of carbonic acid. 
According to the riew which I now present, the food is always laid up 
in a more highly carbonized condition than is wanted^ in order that 
force may be set free by elimination of superfluous carbon. According 
to the ordinary view, if an insoluble food could be found, capable of 
conversion into the soluble form, without loss of carbon ; then germi- 
nation of the seed might take place without loss of weight, by the di- 
rect conversion of heat into vital force. According to my view, decom- 
position, and therefore loss of weight, is absolutely necessary to develop 
the organizing force, the loss of weight being in fact the exact measure 
of that force. 

dd. As soon as the plant develops green leaves, a complete change 
takes place in its mode of development. It no longer loses weight, but 
increases in weight. It not only develops, but grows. The reason of 
this is, that the organizing force is no longer developed by decomposi- 
tion of food laid up within its own tissues, but by the decomposition of 
food t^en ab extemo. Sunlight is universally admitted to be the phys- 
ical force concerned in this decomposition. Further, it is generally 
supposed that there is a direct and immediate conversion of light into 
vital force in the green leaves of plants. But evidently this is impos- 
sible, since the work done by the light is the separation of the two eh' 
ments, carbon and oxygen. Light is therefore converted into motion. 
It is therefore the chemical affinity thus set free which is the force im- 

* Robert Hunt, Bep. Brit. Ass., 1S47, p. 20*22. Carpentcrj Comp. Fhys., p. 2S8. 
Mulder, Chem. An. and Yeg. Phys., pp. 208, 230. 
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mediately converted into vital force. The food of plants consists of 
carbonic acid, water, and ammonia (CO2, HO and NHg), or in some 
cases, according to M. Ville, of COg, HO and N.* Sunlight acting 
through the medium of the green leaves of plants has the reniarkable 
power of decomposing CO2. The force thus set free from a latent con- 
dition, or the chemical aflfinity of carbon in a nas!ent condition, is the 
force by means of which C, H, and N are raised to the organic con- 
dition.f To return to my former illustration ; matter (oxygen) falling 
from the second to the first plane, develops force sufficient to raise 
other matter from the second to the third plane. Thus it is evidently 
impossible on the principle of conservation of force that plants should 
feed entirely upon elementary matter; whereas according to the ordi- 
nary view of the direct conversion of light into organizing force, there 
is no reason why plants should not feed entirely on elements, except 
that one of them, carbon, is insoluble. 

4th. There are many other phenomena of vegetable life which re- 
ceive a ready explanation on this theory. I have said that sunlight 
has the power of decomposing carbonic acid only in the green leaves o( 
plants. Pale plants, such as the Fungi among cryptogams and the 
Monotropa among phaenogams, have no power to decompose 00^ 
These plants, therefore, cannot feed upon chemical compounds — min- 
eral matter. They must feed upon organic matter, which organic mat- 
ter in its partial decomposition furnishes the force necessary for organi- 
zation. If so, then this decomposition, as in the case of germination, 
must be attended with the elimination of COg. Both of these are 
known to be facts. Pale plants do feed upon organic matter and do 
evolve CO2. The necessary connection of these facts with one another 
and with the principle of conservation of force, is now for the first 
time, as far as I know, brought out. The phenomena of nutrition in 



* See review of the controversy between Boussingault and Ville on this subject, 
Bib. Univ. Arch, des Scien., vol. xxx. p. 305. Also Phil. Mag., 4th ser. vol. xiii. 
p. 497. Ann. des Scien., 4th series, vol. ii. p. 357. Am. Jour. Science, vol. xix. 
p. 409. Bib. Univ. Arch, des Scien., vol. xxviii. p. 335. Ann. des Scien., 4th se- 
ries, vol. vii. p. 5. 

t Ammonia is also probably decomposed in the tissues of the leaves of plants 
(Carpenter, correlation of physical and vital forces, Phil. Trans., 1850, p. 732. See 
also, Morren, Bib. Univ. Arch, des Scien., new period, vol. v. p. 84). This would 
of course produce additional oi^anizing force. 
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these plants is similar to that of seeds in germination, except that the 
latter contains the organic matter already laid up within its own tissues, 
while the former derives it from decaying vegetable or animal matter 
taken db extemo into its tissues. In this case too, as in germination, 
heat is apparently the physical force which effects the decomposition of 
the organic food, and which is therefore converted indirectly through 
chemical into vital force. Light is actually unfavorable to this process, 
for light tends to decompose, not to form CO2. In both cases, there- 
fore, the conditions favorable for nutrition are first, abundance of solu- 
ble organic matter ; second, absence of light and presence of heat. 
This is then apparently the true reason why germinating plants and 
pale plants avoid the light. The plants grow by the oxydaiion of car- 
bon and formation of COj. Light decomposes CO2, and must therefore 
be antagonistic to its formation, and consequently to the growth of these 
plants. Whether or not this property of light is entirely limited by 
the condition of its acting through an organic tissue, is a question yet un- 
determined. Heat we know is favorable to the oxydation of carbon 
(combustion, fermentation, putrefaction, etc.) under all circumstances. 
Has light an opposite property also under all circumstances, or is this 
opposite property of light limited to the condition of its acting through 
the medium of an organism ? I hope the experiments already com- 
menced and still in progress, by my brother, Prof. John LeConte, and 
published in the last Proceedings and in the American Journal of 
Science and Arts, vol. xxiv. p. 317, will eventually furnish the means of 
solving this very important problem. I do not wish to anticipate the 
final results of these experiments, but it seems to me thai the negative 
results thus far obtained, rather support the view that the action of 
light is not thus limited. In all experiments on this subject, the light 
and heat of the sun have been combined. Now, heat we know is 
favorable to combustion. The fact, then, that combined light and heat 
produced no effect, would seem to indicate that light counteracted the 
effect of the heat of the sun. 

5th. Etiolated plants, or plants artificially blanched by exclusion of 
light, exhibit the same phenomena and for the same reason. These 
plants cannot receive their organizing force through the decomposition 
of COa by sunlight : therefore they are obliged to obtain it from de- 
composition of organic matter. Hence these plants require organic 
food, hence also they evolve COa instead of oxygen. In this case also, 

VOL. XIII. 17 
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decomposition of organic matter, with a separation of a portion of the 
carbon in the form of CO2, furnishes the organizing force. In the 
absence of any external organic matter in the form of humus or 
manure, etiolated plants, like germinating seeds, will feed for awhile 
upon organic matter previously accumulated in their tissues in the form 
of starch, and actually los^ weight of solid matter.* 

6th. In a most interesting and suggestive article in the Bibliotheque 
Universelle (Archive des Sciences,t) on the subject of humus, M. Eis- 
ler shows in the most conclusive manner that organic matter in a solu- 
ble condition (soluble humus) is taken up by almost oilplants. This 
fact had been previously proved experimentally by Th. de Saussure, 
but having been denied by Liebig, it has been very generally neglected 
by vegetable physiologists. The doctrine of Liebig and of physiolo- 
gists generally, is that, except in case of pale plants, organic matter is 
decomposed into CO2, HO and NH^, i. e., must fall into the mineral 
kingdom before it can be absorbed and assimilated by plants, and there- 
fore that organic manures only supply the same substances, and in ex- 
actly the* same form, which are already supplied, but in insufficient 
quantities, by the atmosphere. But M. Risler repeats with great care 
the experiments of de Saussure, and confirms the accuracy of his con- 
clusions. Hyacinths and other bulbs were placed with their roots sus- 
pended in water colored with soluble extract of humus. When these 
plants were placed in the sun, the water became rapidly decolorized. 
Other roots such as carrots, also germinating grains of wheat, were ob- 
served to produce the same effects. An extract of humus was exposed 
at a somewhat elevated temperature to sunlight under a bell glass. 
Microscopic plants developed in great abundance. As long as these 
plants continued to develop the infusion was transparent and did not 
putrefy in the slightest degree : and yet there was a constant evolution 
of CO2 as shown by analysis of the air in the bell-glass. " Now the 
cellules formed in the liquid contained carbon. This carbon did not 
come from the CO2 of the air, for the liquid, far from ahsorblngy disen- 
gaged C02* Therefore the soluble humus must have furnished the car- 
bon directly to the vegetable cells." It could not have furnished it t»- 
directly in the form of COj derived from decomposition of the organic 



* Carpenter, Comp. Phys., p. 285. 

t Bib. Un. Arch, des Science, new period, vol. 1, p. 305. 
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matter, otherwise oxygen instead of CO2 would have been eliminated. 
M. Risler thinks moreover that the embryo in germination takes up sol- 
uble organic matter in the form of humus in addition to the soluble or- 
ganic matter contained within the cotyledons, and that the evolution of 
CO2 by germinating seeds is due in part also to the oxydation of humus. 
Finally, according to the same author, the formation of roots in all 
plants, but particularly those containing much starch or sugar, is due 
to the direct absorption of humus, and not, as is generally supposed, by 
the fixation of carbon by means of light. " In order," says he, " that 
CO2 of the air should form these substances, it is necessary, in the beet 
and the potato, that there should be a descending sap, which there is 
not." Moreover if the carbon was taken from the soil in the form of 
CO2 there should be elimination of oxygen instead of evolution of CO2 ; 
but the converse is the fact as has been proved in the most indisputable 
manner by de Saussure and Boussingault.* 

Mulder is equally explicit in affirming that plants absorb soluble or- 
ganic matter which is converted in the roots, by elimination of a portion 
of the carbon, into starch and sugar. — Mulder, pp. 620, 664, 682. 
Thus according to these authors, sap is actually elaborated by the roots 
from organic manures. 

Now according to the theory which I propose, this change from 
humus into starch, sugar, or cellulose, furnishes an additional life-force. 
Humus is a more highly carbonized substance than either starch or cel- 
lulose. By the partial decomposition of humus in the tissues of the 
plant, with the elimination of a portion of its carbon (removed by oxy- 
dation), a chemical force is set free which serves to assimilate the remain- 
der. Hence this process of evolution of CO2, as we have already 
said, is opposed by light but favored by darkness and heat. Light fa- 
vors the formation of chlorophyll, of woody fibre, of essential oils, 
gums, etc. ; darkness, heat, and organic manures favor the formation of 
sugar, starch, etc. Hence the explanation of the well-known fact that 
by covering up the lower portions of potato plants by heaping earth 
around them, many buds which would otherwise form leafy branches 
develop into tubers. Hence also the explanation of the equally well- 
known fact that the roots of plants seek and grow most rapidly in the 



*Bib. Un. Arch, des Sciences, new series, vol. 1, p. 5. 
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direction of most abundant food. If the sap is elaborated entirely in 
the leaves, it is difficult to understand why the descending sap should 
flow in greater abundance in one direction than another. But if sap is 
elaborated in the root itself it is easy to see why growth is most rapid 
in the direction of most abundant manure. It is easy to see, too, why 
roots avoid the light ; since light decomposes CO2, and therefore must 
be unfavorable to the formation of this substance. 

7th. It is ^ well-known fact that the so-called respiration of plants 
consists of two distinct and apparently opposite processes, Ist, the ab- 
sorption of CO2 by the leaves and also in solution by the roots, the 
decomposition of this COg by means of light with the fixation of the 
carbon and the elimination of the oxygen ; 2d, the reconaposition and 
evolution of CO2. The decomposition of COg undoubtedly takes place 
in the leaves, but where the recomposition of CO2 takes place is not so 
well ascertained. It is exhaled, however, like the oxygen, from the 
leaves. The process of decomposition of CO2 takes place only during 
the day, as light is absolutely necessary for this process. The recompo- 
sition of CO2 takes place night and day, although its exhalation, ac- 
cording to some observers, seems to be more abundant during the night 
The process of decomposition of CO2 is well understood — of thaf of 
recomposition our knowledge is very imperfect. M. Rissler's explana- 
tion of this latter process seems most probable. Plants, we have seen, 
undoubtedly absorb soluble organic matter, i. e. humus. Humus we 
know is a more highly carbonized substance than cellulose or starch. 
This humus is therefore oxydized in the roots and interior of the trunk, 
away from light, by means of oxygen also absorbed by the roots and 
thus forms COg. This CO2 then circulates in the sap to be exhaled by 
the leaves or perhaps to be again decomposed by sunlight in this organ. 
In the absence of light the whole is exhaled undecomposed. This 
readily accounts for the apparently greater exhalation of CO2 during 
the night. A series of well-conducted experiments would test the 
truth of this view. If it is true, there should be a relation between 
the richness of the soil in organic manures and the amount of CO^ ex- 
haled. For a given amount of growth, the amount of CO2 exhaled is 
the measure of the amount of food taken up in the form of organic 
matter, and the amount of oxygen exhaled is the measure of the 
amount of food taken in the form of mineral matter. Or if the ex- 
haled CO2 is decomposed in the leaves during the day, then of course 
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the difference between the amount exhaled during the night and daj 
would enter as an element in the calculation. Also it would seem that 
those plants, especially, which frequent rich shady spots, should exhale 
proportionally more CO2 and less oxygen, than those loving thin soils 
and sunny places. 

In plants, then, there are two sources of organizing force, the relative 
proportion of which varies infinitely, according to the amount of light, 
heat, color of the plant, and richness of the soil in organic matters. 
The two sources are immediately, 1st, the decomposition of CO2 ; 2d, 
the decomposition of soluble highly carbonized organic matter ; remotely 
the two sources are light and heat In plants which first take posses- 
sion of desert spots, bare rocks, etc., the first is the only source. In 
pale plants and fungi the second is the only source ; but in most plants 
the two are combined in various proportions. The 1st must of course 
be considered the most fundamental and necessary, the 2d being evi- 
dently supplementary. The decomposition of COj by sunlight may be 
considered as the original source of aU vegetation, but in most of the 
higher orders of plants the process of nutrition is expedited by the re- 
absorption of organic matter before it again returns to the condition of 
CO2, HO, and NHg. 

8th. The egg during incubation, absorbs oxygen, evolves CO2, and 
probably HO, and loses weight. As the result of this evolution* of CO2 
we find the egg develops. What it loses in weight it gains in organiza- 
tion. Now what is the source of the organizing force ? It evidently 
bears a direct relation to the loss of weight. Here also, then, we have 
partial decomposition furnishing the necessary force. A portion of the 
organic matter, falling from the organic to the mineral plane, sets free 
a force which raises the remaining poi*tion into a slightly higher condi- 
tion. Heat is evidently the physical force or agent which is trans- 
formed, not directly, but indirectly, through chemical affinity, into vital 
force. In other words, heat is the agent which effects the necessary 
decomposition. The phenomena of development of the egg is, there- 
fore, very similar to that of the seed. 

9th. After the hatching of the egg, the animal no longer loses weight ; 
because recomposition of food taken ah externa proceeds pari passu 
with decomposition. But in this case also decomposition supplies the 
force by which recomposition is ejected, and growth and development 

17* 
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carried on. As this is an important point I will attempt to explain it 
more fully. 

It is well known that in the animal body there are, going on con- 
stantly, two distinct and apparently opposite processes, namely, decompo- 
sition and recomposition of the tissues ; and that the energy of the life 
is exactly in proportion to the rapidity of these processes. Now ac- 
cording to the ordinary view, the animal body must be looked upon as 
the scene of continual strife between antagonistic forces, chemical and 
vital ; the former constantly tearing down and destroying, the latter as 
constantly building up and repairing the breach. In this unnatural 
warfare the chemical forces are constantly victorious, so that the vital 
forces are driven to the necessity of contenting themselves with the 
simple work of reparation. As cell after cell is destroyed by chemical 
forces, others are put in their place by vital forces, until finally the vital 
forces give up the unequal contest, and death is the result. I do not 
know if this view is held by the best scientific minds at the present day, 
as a fact, but it certainly is generally regarded as the most convenient 
method of representing all the phenomena of animal life, and as such 
has passed into the best literature of the age. Certain it is, however, 
that the usual belief, even among the best physiologists, is that the 
animal tissue is in a state of unstable equilibrium ; that constant de- 
composition is the result of this instability, and that this decomposition 
and this alone, creates the necessity of recomposition — in other words, 
creates the necessity of food. But according to the view which I now 
propose, decomposition is necessary to develop the force by which organ- 
ization of food or nutrition is afiected, and by which the various purely 
animal functions of the body are carried on — that decomposition not 
only creates the necessity but at the same time furnishes the force of 
recomposition. 

But it will no doubt be objected that according to the principles of 
conservation of force, decomposition of a given amount of matter can 
only eflfect the recomposition of an equal amount — that a given quan- 
tity of matter falling a given height, can only raise an equal quantity 
an equal height. The whole force developed by decomposition seems to 
be expended in maintaining the body at a given position. How then 
can growth and animal activity go on ? The answer to this question is 
obvious enough when we recollect the nature of the food of animals* 
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Animals, it is well known, tannot feed upon mineral matter, bat only 
on food already organized, at least up to the vegetable condition. But 
when decomposition takes place, the animal matter returns no longer to 
the vegetable condition from which it was immediately raised, but to 
the mineral condition. It is decomposed into CO2 HO, and urea. This 
last substance, though not strictly a mineral substance, is far below the 
condition of vegetable matter. Thus it is evident that a given quantity 
of matter falling down from the condition of animal to that of mineral 
matter, i. e. from the 4th to the 2d plane, would develop force suffi- 
cient to lift a larger quantity of matter from the vegetable to the animal 
condition, i. e. from the 3d to the 4th plane, and yet perhaps leave 
much residual force unexpended. Thus it is possible, and not only 
possible but certain, on the principle of conservation of force, that de- 
composition of animal tissues should set free a force, a part of which 
is consumed in the recomposition of a larger amount of new matter, 
and thus maintaining growth ; a part in animal heat and a part in ani- 
mal activity of all sorts. In this view of the case we see at once the 
absolute necessity that the food of animals should be organized. Upon 
the principle of conservation of force, growth, and animal activity, in -a 
word, animal life, would otherwise be impossible. 

It follows also, from the above, that the higher the organization of 
the food the smaller the amount of force necessary to effect assimilation, 
and therefore the larger the amount of residual force to be expended 
in animal heat and animal activity. In this we find a ready explana- 
tion of the superior activity of carnivorous animals, and the loss of 
animal activity which results in a state of domestication from the use 
of vegetable diet : also of the supposed superior activity of men fed 
upon meat diet. 

10th. I have spoken thus far of only one source of vital force in 
animals, namely, the decomposition of the tissues. I have attempted to 
show how, upon the principle of conservation of force, this is sufficient 
to carry on the growth and the activity of the animal organism. But 
decomposition of the tissues, though the fundamental source — the 
source chai*acteristic of and peculiar to animals — of immediate and 
universal necessity in this kingdom, and in many cases sufficient of 
itself, is not the only source. There is also in animals, as in plants, a 
supplemental source, namely, the decomposition of food. 

It is well known that the food of animals consists of two kinds, the 
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nitrogenous, such as albumen, fibrins, caseine', etc., and the non-nitrogen- 
ous, such as fat, starch, sugar, gum, etc According to all physiologists 
since Liebig, the nitrogenous alone are used in the repair and growth 
of the tissues. The non-nitrogenous are either quickly consumed in 
respiration, or else are laid up in the form of fat for future consumption 
in the same way. Now there can be no doubt that animals may live 
entirely on nitrogenous food ; in which case the whole vital force, whether 
for assimilation of food or for animal heat and animal activity, is derived 
from the decomposition of the tissues. This is the case also, apparently, 
m the starving animal, particularly if lean. But in almost aU cases much 
food in the form of fat, starch, sugar, etc. (non-nitrogenous), is never 
transformed at all into tissues, but is taken into the blood, gradually de- 
composed, oxydized in the course of the circulation, changed into COj 
and HO, and finally removed by exhalation from the lungs. Now what 
is the object of the non-nitrogenous food, since these do not form any 
part of the tissues, but are again decomposed and thrown out of the 
system ? The answer usually given is, that such food is used in the 
animal economy solely as fuel to keep up the animal heat. On this 
view it is difficult to see why this class of food should be used at all) 
especially in warm climates. But according to the view which I pro- 
pose, we have Here an additional source of vital force. The decompo- 
sition of these ternary compounds sets free a force which is used in 
organizing and assimilating other matter (nitrogenous) and in producing 
animal activity and animal heat. As in plants, although the decompo- 
sition of CO2 by sunlight is all that is absolutely necessary for growth 
and development, yet the decomposition of organic food supplies an 
additional force which greatly increases the vigor and rapidity of vege- 
tation ; so in animals, although decomposition of the tissues is all that 
is absolutely necessary to furnish the force of growth and the phenom- 
ena of animal life generally, yet the decomposition of non-nitrogenous 
organic food furnishes additional force by which growth and animal 
activity may be maintained without too great expenditure of the tis- 
sues. 

11th. In what, then, consists the essential difference between animals 
and plants ? There can be no doubt that it consists, generally, in their 
relations to one another and to the mineral kingdom. Plants occupy » 
middle ground between the mineral and animal kingdom — a necessary 
halting place for matter in its upward struggles. Bat when we atteoapt 
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to define this relation more accurately, the problem becomes much 
more difficult It is indeed probable that no single distinction will be 
found free from objection. The commonly received, and, to a certain 
extent, very correct idea is, that the essential distinction consists in 
their relation to COj- Plants (decompose and animals recompose CO2. 
The beautiful manner in which the two kingdoms stand related to each 
other through these converse processes, is familiar to all. But it is 
well known that most plants carry on both of these processes at the 
same time, while some, as fungi, pale plants, &c., only recompose CO2 
like animals. It seems to me that at least an equally good fundamen- 
tal distinction may be found in this, that in plants the fundamental and 
necessary source of vital force is the decomposition of its mineral food ; 
while in animals the fundamental source of vital force is the decompo- 
sition of its tissues. It is true that in what I have called the supple- 
mentary source of vital force they seem to meet on common ground, 
namely, the decomposition of organic food ; but even here there is this 
essential difference, that in plants this decomposition of organic food is 
only partial, and therefore furnishes not only force but material for or- 
ganization ; while in animals the decomposition is complete and there- 
fore furnishes onlj force. 

As a necessary result of the above, it would seem that the ^^ vortex" 
of Cuvier is characteristic of animals. There seems no reason to be- 
lieve that a tissue once formed in plants is ever decomposed and regen- 
erated, as is the )Base in animals. When plant-cells decompose, the tis- 
sue dies. Hence the absolute necessity of contimums growth in plants. 
In this kingdom life is synonymous with growth. There is no possibil- 
ity of life without growth. There is no such thing as determinate size, 
shape, or duration. There is no such thing as maturity, or if so, death 
takes place at the same instant. As cell life is necessarily of short 
duration, and as there is no regeneration of tissues in plants, it is evi- 
dent that the life of the tissues must be equally short Thus plant life 
can only be maintained by the continual formation of new tissue and a 
constant travelling of the vital force from the old to the new. In exo- 
genous plants the direction of travel is from the interior to the exte- 
rior ; in endogens from exterior to interior, and still more from below 
upwards by the continual addition of new matter at the apex. In 
fungi where there is no such superposition of new tissue upon the old, 
where growth takes place by multiplication of cells throughout the 
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whole plant — in other words, a true interstitial growth as in animals 
— since there is no regeneration of tissues, the duration of the life of 
the plant is limited by the duration of cell-life. 

The respiration of animals, also, differs essentially from that of 
plants. At one time the absorption of COg and exhalation of O was 
called the respiration of plan|s. It is universally admitted now, how- 
ever, that this is rather a process of assimilation than of respiration. 
The recomposition and exhalation of COg, as soon as discovered, was 
very naturally likened to animal respiration, and is in fact looked upon 
by many, as for example the physiologist Carpenter, as a true respira- 
tion. But there is an essential difference between this and animal re- 
spiration, which I have already pointed out. Its very significance is 
radically different. The essential object of animal respiration is the 
removal of poisonous decomposed matters from the organism. The so- 
called respiration of plants, on the contrary, is rather a process of as- 
similation, since by it the too highly carbonized organic food, by the 
elimination of a portion of its carbon, is brought into a proper condition 
for organization. A true respiration is necessarily connected with a 
change of the matter of the tissues — with the vortex of Cuvier — 
which has never been shown to exist in plants. It is true the exhala- 
tion of CO2 has been looked upon by some physiologists as indicative 
of a regeneration of tissues, but I have already shown that this is prob- 
ably not the case, but on the contrary that the CO2 is formed by the 
partial decomposition of highly carbonized organic food, 

12th. The most natural condition of matter is evidently that of chem- 
ical compounds, i. e. the mineral kingdom. Matter separated from 
force would exist, of course, only as elementary matter or on the first 
plane ; but united with force, it is thereby raised into the second plane 
and continues to exist most naturally there. The third plane is sup- 
plied from the second, and the fourth from the third. Thus it is evi- 
dent that the quantity of matter is greatest on the second and least on 
the fourth plane. Thus nature may be likened to a pyramid, of which 
the mineral kingdom forms the base and the animal kingdom the apex. 
The absolute necessity of this arrangement on the principle of the con- 
servation of force may be thus expressed. Matter, force, and energyt 
are related to one another in physical and organic science somewhat in 
the same manner as matter, velocity, and momentum in mechanics. The 
whole energy remaining constant, the greater the intensity of the force 
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(the elevation in the scale of existence) the less the quantity of matter. 

a 

Thus necessarily results what I have called the pyramid of nature, 
upon which organic forces work upwards and physical and chemical 
forces downwards. 

13th. As the matter of organisms is not created by them^ but is only 
so much matter withdrawn, borrowed as it were, from the common 
fund of matter, to be restored at death ; so also organic forces cannot 
be created by organisms, but must be regarded as so much force ab- 
stracted from the common fund o^ force, to be again restored, the whole 
of it, at death.* If, then, vital force is only transformed physical force, 
is it not possible, it will be asked, that physical forces may generate or- 
ganisms de novo? Do not the views presented above support the doc- 
trines of " equivocal generation" and of the original creation of species 
by physical forces ? I answer that the question of the origination of 
species is left exactly where it was found, and where it must always re- 
main, namely, utterly beyond the limits of human science. But although 
we can never hope by the light of science to know how organisms orig- 
inated, still all that we do know of the laws of the organic and inorganic 
world seem to negative the idea that physical or chemical forces acting 
upon inorganic matter can produce them. Vital force is transformed 
physical force, true, but the necessary medium of this transformation is 
an organized fabric ; the necessary condition of the existence of vital 
force is therefore the previous existence of an organism. As the exist- 
ence of physical forces cannot even be conceived without the previous 
existence of matter as its necessary suibstratum, so the existence of vital 
force is inconceivable without the previous existence of an organized 
strifcture as its necessary substratum. In the words of Dr. Carpenter, 
" It is the speciality of the material substratum thus furnishing the me- 
dium or instrument of the metamorphosis which establishes and must 
ever maintain a well-marked boundary line between physical and vital 
forces. Starting with the abstract notion of force as emanating at once 
from the Divine will ; we might say that this force operating through 
inorganic matter, manifests itself as electricity, magnetism, light, heat, 
chemical affinity, and mechanical motion ; but when directed through 
organized structures, it effects the operations of growth, development, 
and chemico-vital transformations." 

* Carpenter, Phil. Trans., 1850, p. 755. 
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2. Vibrations in the Waterfall at Holtoke, Mass. By 

Prof. E. S. Snell, of Amherst, Mass. 

• 

At the meeting of the American Scientific Association held in Mon- 
treal, August, 1857, I read a paper on the vibrations of the fall at 
Holjoke, in which I attributed the movement to the rarefaction of air 
in the tube behind the sheet, this rarefaction being caused by the action 
of the water, which carries down the adjacent air, and throws it up in 
foam mostly on the outside of the fall. In that paper I described two 
modes of vibration which I had observed, that agreed well with the 
supposition of acoustic pulsations in a tube of air 1,008 feet long, and 
having two nodal sections in one case, and four in the other. I also 
stated my impression that I had, many years before, noticed a much 
slower rate of vibration, which accorded equally well with the existence 
of one nodal section in the tube. 

Since the reading of the above-mentioned paper, I have observed 
the condition of the fall at four different times. In October and No- 
vember, 1857, 1 noticed the same rates of vibration, very nearly, which 
I had previously reported. But on the 16th of April, 1859, 1 found 
the water four or five feet deep on the edge of the dam, the tempera- 
ture of the air about 45°, and the number of oscillations only eighty-two 
per minute. Again, on the 25th of July last, I found the water lower 
than I had seen it before (less than three inches deep), and no vibra- 
tions, either in the sheet, or the air at the end of the cavity behind it. 

There are, therefore, at least three very different rates of vibration 
in this fall, the slowest when the depth of water is greatest, and the 
most rapid when it is about one foot deep, the vibrations ceasing alto- 
gether when the depth is so small as three inches. In the following 
tabular statement, the four first columns show at once the facts as they 
stand connected in the few observations which I have made, and the 
last column contains the numbers calculated for an open tube 1,008 feet 
long, with four nodes for the third and fourth observations, two nodes 
for the^rs^, second^ and fifth, and one node for the sixth. 
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Time of observa- 


Tempera- 


Depth on 


Observed No. vi- 


Calculated No. 


1 


tion. 


ture of air. 


dam. 


brations per min. 


vibr. per min. 


July 25, 1857, 


80© 


2 feet 


137 


136 


2 


July 29, " 


75 


2 " 


136 


136 
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Nov. 24. " 
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Apr. 16, 1859, 


45 
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82 


66 
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July 25, 1859, 


70 


3 inches 


none. 


none. 



I used the formula in Peirce's Treatise on Sound, N = »:=:- , where 

Li 

N is the number of vibrations, n the number of nodes, V the ve- 
locity of sound, and L the length of the tube. It is observable, that 
the calculated rates are higher than the observed, in the cases of most 
rapid vibration, and lower in those of least rapidity, while in the me- 
dium rates they very closely agree. As to the seventh case, the sheet 
was so thin, that it was divided into filaments and broken into spray, 
and the air had free ingress and egress through its whole length ; the 
acoustic tube being thus destroyed, no vibrations could be produced. 

Notwithstanding the discrepancies between the numbers in the two 
last columns, I think the general correspondence between them points 
to the true nature of the cause, especially when taken in connection 
with the fact, that the pulsations are noticeable only in the water and 
in the air, — not at all in the dam itself, nor in the rock or soil imme- 
diately adjacent. It must be remembered also, that the pitch of musi- 
cal pipes does not fully conform to the formulae, but varies with the 
breadth of opening and the mode of exciting vibrations. 

This seems to be one of the numerous cases, in which the body which 
excites vibrations in another, is itself thrown into synchronous vibra- 
tion by reaction, and then, by its own inertia or elasticity, controls the 
common rate of both. The sheet of water in its descent first produces 
rarefaction of the enclosed air by removing a part of it. The imme- 
diate effect is a collapse of the sheet of water, as well as a rush of air 
in at the ends. But the inertia of a thick mass of water will prevent 
its recovering its natural position so soon as if it were thinner ; hence, 
the air-column divides itself into such a number of segments, that the 
water and the air can adjust their movements to each other. In a 
manner somewhat like this, a stream of air from the lips, driven across 

YOL. xin. 18 
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the embouchure of a flute, excites vibrations in the column of air, with 
such frequency that it can itself vibrate in unison with it. But, if the 
stream is blown more and more swiflly, its elasticity will at length be 
too great for so slow a rate, and then the column will divide into shorter 
segments, and the two will continue their vibrations harmoniously upon 
a higher key. A skilful player can in this way, by his mere breath, 
produce six or eight harmonic notes on the flute, when all the holes 
are closed. 

At the time when I witnessed the comparatively slow oscillation of 
eighty-two per minute, I was surprised by the great strength of the 
current of air, as it rushed into the opening at the end of the dam. I 
could not venture within the passage through the pier, lest I should be 
swept in behind the sheet ; nor could I stand at the entrance of the 
arch, without bracing myself, by placing both hands on the corners. 
There was, however, no alternate outward blast, but only a lull, or ces- 
sation of all motion ; which shows, that the excess of air that pours in 
at every pulse, is carried out again in some other way ; and there is no 
conceivable way for it to escape, except to be driven down by the falling 
water, and poured up externally in a bed of foam. It had never oc- 
curred to me before, that the velocity of the air-current must be greater 
the longer the interval between the pulses, since the rarefaction within 
the tube will be greater nearly in the ratio of the same intervaL 

In September, 1857, a paper was read before the Boston Society of 
I^atural History, in which objections were made to my view of the 
source of the vibrations, and the cause assigned for them was the im- 
pulse on the rock produced by successive swells of the sheet, extending 
parallel to the edge of the dam, from one side of the river to the other. 
If this is the cause, then the vibrations are first excited in the rock 
and communicated thence to the air. But the rock and soil in the im- 
mediate vicinity of the Holyoke fall are not perceived to move in the 
least, while the air sways a loose garment back and forth three or four 
inches, keeping time with the visible and audible pulsations of the sheet 
of water, and at the end of the tube sometimes rushes so violently, that 
a man can scarcely stand against it. That alternate swells and con- 
tractions cannot exist in a falling sheet of water, and if so, that they 
cannot cause sensible undulations in the earth, I am not prepared to 
assert ; but I believe that any unbiased observer will find it quite absurd 
to apply such an explanation to the strong puffing of the air which is 
usually so noticeable at the Holyoke falL 
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3. Note on -the Discharge op Atmospheric Electricity 
THROUGH Gas Mains. B7 Prof. B. Silliman, Jr., of New 
Haven, Conn. 

During the past year two cases have fallen under mj observation 
of the discharge of atmospheric electricity through the iron gas mains 
of New Haven, with effects which, so far as I know, have not been pre- 
viously noticed. 

Mrst case. On the last Sunday of June, 1858, about 4 p. m., a vi- 
olent thunderbolt fell on the spire of the Wooster Place Baptist church 
in New Haven, and was conveyed without injury to the spire (227 feet 
high) to a point less than twenty feet from the earth. At this point, 
owing, as was afterwanis ascertained, to an imperfect ground termina- 
tion of the conductor, the electric tension was sufficient to produce a 
lateral disruptive discharge through a wall of brick nearly twenty 
inches in thickness, to meet a gas pipe on the inside of the wall directly 
opposite to the lightning conductor. By the new channel thus forcibly 
gained, the electric discharge was conducted to the main pipes of distri- 
bution, and no further immediate effects were seen. Within a few days 
afler the discharge, however, the rapid escape of gas on the street in 
front of the church was noticed, as well by the odor as by the sickly 
condition and subsequent death of the shade trees lining the street. 
Upon opening the ground it was found to be saturated with gas, and 
every joint in the whole length of the street (some forty in number in 
a six inch pipe) was discovered to be leaking profusely. 

The inference seemed unavoidable that the leakage was occasioned 
by the electrical discharge. 

Second case. During the last week in July, 1859, another very en* 
ergetic discharge of atmospheric electricity fell upon a house in George 
street, New Haven. This house was supplied with gas, and while but 
little injury was done to the dwelling, and none at all to its inhabitants, 
the gas mains in the whole street, to the number of over sixty joints, 
were found to be entirely loosened. They all required to be repacked. 

In both these cases the loosened joints were confined to the line of 
pipe in the street fronting the buildings, and the injury appeared to be 
arrested by the abutting pipes of the next cross street. 

In June of this year the same church spire struck in 1858 was again 
the subject of a second accident of this sort. The wall of brick was 
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again perforated near the same place and in the same manner as last 
jear^ with the additional circumstance that the gas pipe in the church 
was fused or burnt off at the point of contact of the escaping discharge, 
and the gas being thus set on fire, in its turn set fire to the wainscot- 
ing or furring behind which the pipe ran. But either because the vol- 
ume of the discharge was less than last year, or because a portion of it 
found a lateral escape, there was no effect produced in disturbing the 
joints of the street mains. 

The mechanical effects herein described may be due to a sadden and 
almost explosive expansion of the gas in the mains at the point of elec- 
trical discharge, notwithstanding the enormous extent of the metallic con- 
ductors. It is difficult, however, to reconcile the facts with existing views 
of electrical tension and discharge, and they are now brought before this 
Association with the hope of eliciting a satisfactory explanation of them. 



4 On the Means of Preventing the Alteration of Metallic 
Surfaces employed to Close and Break a Voltaic Ceb- 
cuit. By Pres. F. A. P. Barnard, of Mississippi. 

It is well known that, while a dynamic electrical current will circu- 
late for any length of time through an unbroken metallic conductor 
sufficiently large to convey it without a sensible elevation of tempera- 
ture, without injury, the effect of repeatedly interrupting the current at 
the same point is gradually destructive to the substances between which 
the interruption occurs. In the case of very powerful currents, this 
destructive effect becomes soon perceptible. But even in that of the 
most feeble, it is not any the less sure, though more slowly manifested. 
Nor, so far as is yet known, is there any substance, however unalterable 
under ordinary exposures, which is capable of entirely resisting it. 
Platinum contacts conveying an energetic current exhibit very remark- 
able changes, afler a brief period of use. In a powerful Ritchie induc- 
tion machine belonging to the University of Mississippi, in which con- 
tact is made between a hammer and anvil of platinum, the surfaces in 
contact being about -^ of an inch in diameter, these surfaces are rough- 
ened, as if they had been corroded by some active chemical reagent, 
and the edges present a burr, like what might be produced by a blow 
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while the metal is partially softened. Yet these surfaces come together 
without percussion, and it is only the separation which is sudden. 

When currents, as in this case, are strong, the alteration of the met- 
als does not yerj sensibly impair their conducting power. In the case 
of feeble currents, it is otherwise. The surfaces become gradually dis- 
colored, and a coating of imperfect conducting power is formed over 
them, which resists the flow of the current and at length arrests the 
action of the apparatus it is designed to operate.* For some of the 
uses to which electro-magnetism is applied, this is a very serious evil. 
Chronometers, chronographs, and some descriptions of telegraph, de- 
pend for their accuracy upon the invariable passage of the current. It 
is, therefore, desirable to find some means to prevent, if possible, the 
injurious alteration of the surfaces of contact, which has just been de- 
scribed. 

The attention of the writer was seriously directed to this subject, by 
observation of the performance of an electric clock constructed for the 
University of Mississippi, of which a description was presented to the 
Association at the meeting in Baltimore. The clock was completed 
and set in motion by the constructer, in the month of May, 1858 ; but 
owing to delays in the preparation for use of the building for which 
it was designed, it was not until January, 1859, that it could be set up 
at the University. From that time until the present it has been run- 
ning ; with such interruptions as were occasioned by the prosecution of 
the experiments, of which it is the object of this paper to state the results. 

The batteries employed were Beaver's water and sulphate of copper 
batteries, exposing each considerably less than one quarter of a square 
foot of surface of zinc At first, three of these elements were used in 
connection ; afterwards only two ; and finally a single one. One seems 
to be sufficient ; but for excess of security two are now commonly em- 
ployed. 

The rupture of the electric circuit took place between an angular 

* These spots, in the case of platinum, resist all chemical reagents which do not 
attack the metal itself. Boiling nitric, hydrochloric, or sniphnric acid produces no 
change in them. Exposed, however, to the heat of the blow-pipe, they become dull 
white; and afterwards, under the burnisher, entirely disappear* They consist, 
therefore, of platinum in the state of minute division, called platinum-black. For 
this examination I am indebted to Dr. E. W. Hilgard, State Creologist of Missis- 
sippi. 

18* 
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edge of platinum, and a plane surface of platinum foil. Whenever ac- 
tion ceased, it was always found sufficient to move the foil so far as to 
present a fresh surface of contact, in order to reestablish it; the oppos- 
ing edge remaining constantly the same. To prevent the stopping of 
the clock, it seemed, therefore, to be sufficient to replace the foil from 
time to time by a new one. But this process itself implied a momen- 
tary stopping, unavoidable except by introducing double, or collateral) 
contacts, for which no arrangement had been made in the original con- 
struction. 

The first mode which occurred of obviating the difficulty was to con- 
nect the two electrodes between which the separation took place, with 
the opposite plates of a condenser. The injurious effect being mani- 
festly a consequence of the dispersive, or explosive, action of secondary 
currents, it was believed that if the visible spark could be entirely sup- 
pressed, the electrodes would remain unaffected. 

For greater convenience, a series of experiments was instituted on 
contacts outside of the clock, by means of an apparatus kept in motion 
however by the clock circuit, and breaking electric contact at every 
second. Copper, iron, and platinum, dipping into mercury, were suc- 
cessively employed, and also platinum against platinum. The result 
corresponded substantially with the anticipation. A mercury cup 
which, without the condenser, would, in twenty-four hours, become 
thickly covered with a black powder — which powder was also scat- 
tered about beyond the cup — continued, with a condenser attacked, to 
remain for many weeks, with scarcely a tarnish. And a slip of plati- 
num foil, after long serving in the same way, exhibited only the effect 
of mechanical action upon its surface. 

The condensers employed in these experiments were at first con- 
structed of sheets of tin foil, each presenting a little more than a square 
foot of surface, separated by an interposed sheet of tissue paper. After 
the lapse of about a week, one of these condensers was found to trans- 
mit the primary as well as the secondary current ; and accordingly, in 
subsequent constructions, the thinnest description of foreign letter post 
was substituted for the tissue paper. 

The tissue paper which failed, did not exhibit, on the closest exami- 
nation, any trace of alteration by the electricity ; but the sheet which 
had been employed, and also those which had not been so, presented 
many minute apertures, as well as much irregularity of thickness ; and 
it was presumed that the pressure which had been applied to bring the 
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surfaces of metal near to each other, had at length established a cod- 
tact through some one of these imperfect points. 

A more convenient form of construction has been since found to be 
to cut the tin foil into small sheets of about three by four inches, inter- 
posing between them the insulating paper, and connecting the alternate 
sheets with the opposite electrodes. The spark, which now no longer 
appears at the point of rupture of the current, discharges itself in the 
condenser with a sound, which, even with the feeble batteries above 
described, is audible at some distance. It was at first apprehended that 
this constant repetition of an explosion, however slight might be the 
effect produced at each recurrence, would at length break down the in- 
sulation at some point, and so permit the current to pass. Accordingly 
some expedients were at first resorted to, in order to avert this danger. 

One of the first of these consisted in connecting the oppositely 
charged leaves of the condenser with two small metal plates insulated 
from each other ; and then, by means of a pointed screw of fine thread 
passing through one of them and directed toward the other, causing the 
discharge to take place visibly outside of the condenser. This method 
was perfectly successful when the insulating papers were made some- 
what thick ; by employing, instead of the letter post, several thicknesses 
of post-office wrapping paper between the tin foils ; but with the letter 
post alone it was very difficult to bring the point of the discharging 
screw near enough to the opposite plate, without establishing actual 
contact ; and also, when this end had been gained, it was difficult to 
prevent its being lost again presently, by the change of figure of the 
apparatus. 

A second mode of effecting the same purpose, was to make a con- 
denser with insulators consisting of single layers of post-office wrap- 
ping paper, and connecting with this a second very small one, consisting 
of a single pair of tin foils insulated by letter post. It was supposed 
that the discharge would always take place through the thinner insula- 
tor ; and that ai^er this had been exposed as long as should be thought 
safe, it might easily be renewed without disturbing the rest. Expe- 
rience has, however, taught that the danger which these expedients were 
designed to obviate, does not exist. Condensers which have been in 
use for many months still continue to perform as well as at first ; and 
the examination of the letter post insulators, after this long exposure, 
shows but doubtful marks of the action of the electricity. There are, in- 
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deed, here and there minnte. and as it were, needle-point, perforations ; 
bat it is impossible to say that these were originally made by the dis- 
charge. 

The effect of the condenser in suppressing the spark is dependent 
both upon the extent of its surface, and upon the thinness of the insu- 
lation. The low battery power with which these experiments have 
been conducted, requires not so much as one square foot of tin foil in 
connection witli each electrode, to produce all the effect desired. More 
energetic arrangements, with powerful electro-magnets in the circuit, 
require much greater surface. 

The application of the condenser to a Toltaic circuit seems first to 
have been made, or at least recommended, by Fizeau, in the year 1853. 
His plan was to employ varnished metallic plates presenting two or 
three square feet of surface. Ruhmkorff introduced the condenser into 
his machine, in the form of large sheets of tin foil separated by oiled 
silk, each sheet having a surface of seven or eight square feet. 
Poggendorff, however, in 1855, expressed the opinion, founded on some 
experiments of Halske, confirmed by himself, that, to the Uuhmkorff 
machine as then constructed, a pair of tin foils of the size of an octavo 
page, separated by thin paper, were sufficient for the purpose for which 
the condenser had been introduced, namely, that of exalting to the 
maximum the intensity of the secondary current in the external helix. 

The object at that time aimed at having been merely to promote the 
activity of the Ruhmkorff machine, little attention appears to have 
been paid to the question to what extent the condenser miglit be made 
effectual in suppressing the secondary spark at the break of the prima- 
ry circuit. The diminution of the spark was noticed, and also the 
diminution of its destructive effect ; but these observations seem to 
have suggested no further investigation in that direction. It is 
believed, nevertheless, though the subject requires still further ex- 
amination, that, by sufficiently enlarging the surface of the condenser, 
and diminishing the thickness of the insulation, every trace of the spark 
may be removed from the strongest battery current 

The Ritchie induction machine of the University of Mississippi is 
capable of giving a spark from the external helix, of nearly thirteen 
inches long. The exciting battery consists of three Bunsen's elements, 
each exposing about three square feet of zinc plate (estimating both 
the surfaces exposed) and the spark at the break of the primary, when 
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the condenser is not connected, is like a brilliant flame. This is greatlj 
reduced by attaching the condenser of the machine itself, but continues 
still to be very bright An additional condenser containing fiflj-six 
square feet of tin foil (twenty-eight square feet on each side) so far 
suppresses it, that it only appears as an occasional scintillation.* In 
this additional condenser, the insulation is by means of post-office wrap- 
ping paper, which is much too thick, and the whole is* rolled upon a 
wooden cylinder altogether too loosely to secure proper compression. 

The theory of the effect of the condenser in the Kuhmkorff machine 
is not a matter involved in the present inquiry. Inasmuch, however, 
as it seems nowhere (so far as the writer has observed) to have been 
very distinctly stated, it may be permitted to say here, that the inferior 
intensity of the spark in the external helix, when the condenser is not 
attached, appears to be a consequence of electro-static induction from 
the secondary developed in the internal helix. This latter secondary 
is drawn off by the condenser, and its repressive influence upon the 
outer current is thus diminished or destroyed. This explanation also 
serves to account' for the well-known fact that when the current from 
the outer helix is sent through a vacuum, it is of no consequence whether 
a condenser is employed or not ; for as the repulsion exerted by the 
inner secondary current tends simply to expel the similar electricity 
from the outer helix, and so equally to drive it either way (forward or 
backward), it drives it forward when there is no resistance, or when 
there is but a feeble resistance (as in vacuo), and backward when there 
is a resistance. 

The experiments above detailed rendered it evident that, by means 
of a properly constructed condenser, the surfaces of electric contact in 
the clock might be preserved from injurious alteration. For it may be 
here observed that, with incombustible metals and with currents of low 
intensity, the initial secondary produces no sensible change. It was not, 
however, exactly convenient to place the condenser in the clock ; and 
hence it became a subject of inquiry how far its protection might be 
relied on when removed to a distance. 

Leading wires were at first connected with the wires of the circuit 



* It is proper to say that, at the time this experiment was made, the battery was 
not in its highest state of activity. The experiments with the Ruhmkorflf machine 
connected with this inquiry, are still in progress. 
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on each side of the point of rupture, and extended to the condenser at 
different distances, from a few feet to fiflj or a hundred. It was found 
that, for moderate distances, the performance was sufficiently satisfac- 
tory ; but that when, either from increase of distance or reduction of 
the size of the leading wire, the resistance was considerably increased, 
the efficacy of the condenser was but partial. 

It was further found not by any means to be important that the con- 
nections of the condenser with the circuit should be near the point of 
rupture. Suppose, for instance, that an intensity magnet is operated 
by a battery at a distance of thirty or forty feet, and that the ruptare 
of circuit takes place near the battery ; the condenser is perfectly 
effectual if attached to the opposite extremities of the helical envelope 
of the magnet Moreover, in any circuit in which the rupture is near 
the battery, it is rather advantageous than otherwise, to make the con- 
nections with the condenser in such a manner as to throw the battery 
out If, for example, the break occurs near the positive end of the 
battery, it is best to attach one of the leaders of the condenser to the 
circuit wire beyond the break, and the other to the negative extremity 
of the battery instead of the positive. 

In the Ruhmkorff coil, as the object to be secured is the discharge 
of the secondary current of the inner helix, the points of attachment 
of the condenser theoretically best, are the extremities of that helix 
itself. 

While these experiments were in progress, the question naturally 
presented itself whether, in a piece of mechanism moved by electricity, 
like the clock, there is any necessity that the current should break 
within the apparatus at all or not? Supposing the electric contact to be 
made within the mechanism and broken without, it is evident that the 
condition of the surfaces of contact where the alteration is liable to oc- 
cur, could be conveniently watched, and by mechanical means easy to 
devise, prevented from ever reaching a condition which should disturb 
the action of the apparatus. This idea was followed out to a result en- 
tirely satisfactory. 

In order to accomplish the object desired, it became necessary to alter, 
in some respects, the electric connections as described in the account 
given of the clock in the-published proceedings of the Baltimore meet- 
ing of the Association. By reference to that account it will be seen 
that the current, passing through the impulse weights which maintain 
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the motion of the pendulum, actuates directly the magnets in the clock. 
In the modification given to the plan, this current was made to actuate, 
two magnets in a separate little piece of apparatus, called a break-ctr^ 
euity by means of which this original current was broken, while a sec- 
ond current was made to actuate the magnets of the clock. This con- 
trivance having been added, there no longer remained the slightest 
trace of electric light in the clock ; and by applying condensers to the 
break circuit, the spark was also entirely suppressed there also. In 
this condition the clock has now been running since some time in May 
last, without the appearance of any sensible alteration in any part of 
the apparatus. 

Incidentally, however, in the prosecution of experiments suggested 
by this investigation, a very simple mechanical method of obviating the 
difficulty which gave rise to the inquiry, has presented itself. It is 
merely to make every contact double between two firm points on one 
side, and two independent elastic springs on the other. Then to ad- 
just these so that one of them may invariably break an instant before 
the other. The secondary spark will always occur at the last break, so 
that the injury will be confined to this ; while the conducting power 
will never be so far impaired as to prevent the passage of the secon- 
dary. The dynamic current will, therefore, always have a clean con- 
tact, and will never fail to fiow. 

But while the practical problem immediately in hand receives thus a 
very easy solution, it is believed that the results arrived at in the ex- 
perimental inquiry of which the details are given above, may have 
other applications of sufficient importance to justify their presentation 
to the attention of the Association. 



5. On Magnetizing Locomotive Wheels by Curved Helices, 
AND Experimental Results. By Edward W. Serrell, of 
Greenfield. 

The importance of increasing the power of locomotive engines with- 
out adding to their weight, which is so destructive to the superstructure 
of railways, led me to attempt to magnetize the driving wheels, to ob- 
tain additional adhesion. 
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Before doing so, howeyer, I carefully inquired of those most likely 
to be informed, both in this country and in Europe, if previously ascer- 
tained facts indicated the probability of success, and I was almost dis- 
couraged by the unanimous answer — No; but I persevered, and the 
result is more than was anticipated; an additional adhesion of over 
seventy-five per cent, has been obtained, and this by a very simple 
method. 

The lower segment of the wheel is surrounded by a helix of copper 
wire through which the wheel revolves, and, contrary to the generally 
received opinions, it was found that upon curving the helix idto a seg- 
ment, the radius of which is equal to the diameter of the wheel, the 
point of greatest magnetic effect coincided with the contact of the wheel 
and rail. 

One wheel had south polarity, and its corresponding opposite wheel 
north polarity. The wheels magnetized in the experimental trial were 
4^ feet in diameter, and weighed about eleven hundred pounds each. 

On a very slippery rail 19 -f- lbs. of steam per inch slipped the 
wheels without magnetism ; under the same conditions 35 -j- lbs. were 
required to slip them when magnetized. 

On a very clean rail and every thing being favorable, 50 — lbs. were 
required without any magnetic effect, and 88 -|- lbs. when magnetizei 

The helix was made of No. 8 copper wire in one strand 2,700 feet 
in length, and laid in 288 turns, insulated with cotton and marine glue 
and covered with India rubber. I have not been able to discover any 
increased or diminished effect by the wheels being in motion or at rest, 
and they were tested up to 300 revolutions per minute. 

The battery used was a modification of Grove's, so contrived as not to 
stop, and consisted of sixteen cups, each having about 300 inches of 
zinc surface, and they were connected for the quantity of eight cups. 
I have since adopted a modification of Smee's and Chester's battery, as 
being more permanent. It should be noticed that when the helices pro- 
duced the greatest effect they were raised about 2^ inches above the 
rail, measuring from their under sides. I am indebted to Mr. 0. ^' 
Vasmus for aid in the experiments. 
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6. On Nitride of Zircokiitm. By Prof. J. W. Mallet, of Tus- 
caloosa, Alabama. 

Among the most interesting facts brought to light by the recent re- 
searches of Wohler and Deville upon silicon and the allied elements, is 
that of the strong affinity of these bodies, when free, for nitrogen. 
Several of the nitrides which result from this affinity have been de- 
scribed — as those of boron, silicon, titanium, and tantalum. I have 
now to add to the list nitride of zirconium. 

This substance was obtained under the following circumstances. The 
ease with which silicon and boron may be crystallized by exposing the 
elements in the amorphous state to a very high temperature, in contact 
with aluminum, which when fused seems to act the part of a solvent, 
led very obviously to the expectation that other related elements might 
also be obtained in crystals by this process. Titanium and zirconium 
suggested themselves as specially worthy of experiment in this direc- 
tion. With the exception of the bare notice * that Deville, by heating 
aluminum in a porcelain tube traversed by a mixed current of hydro- 
gen and a vaporized chlorid, had obtained crystalline silicon, boron, car- 
bon, zirconium^ and titanium^ I have seen no account of the prepara- 
tion or properties of the last two. Deville and Wohler have indeed 
stated at the beginning of a paper f on nitride of titanium that this sub- 
stance was first noticed by them in the attempt to procure titanium 
itself in a compact state — but the means proposed for the attainment 
of the latter object are not mentioned. 

A quantity of amorphous zirconium and titanium was prepared by 
heating the potassio-fluorids with sodium in an atmosphere of hydrogen, 
and it then remained to be seen whether the metals could be brought 
into the crystalline state by exposure to intense heat in contact with 
aluminum. A small piece of aluminum was placed in the cavity of a 
lime crucible (of the kind proposed by Deville), and was then sur- 
rounded with black pulverulent zirconium, which latter was pressed 
down as closely as possible, and covered by a layer of quick-lime in 
powder, also strongly pressed. A stopper of soHd hme was fitted to 

* Paris correspondence in Amer. Jomr. Sci., May, 1856, p. 404. 
t Ann. d. Ghem. o. Pharm., Angast, 1857, S. 230. 
VOL. XUL 19 
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the opening, and the whole was exposed for about an hour to the lieat 
of a small blast furnace capable of melting platinum. 

After cooling, the crucible was removed from the furnace, and was 
found to be slightly cracked. This no doubt occurred at the beginning 
of the experiment, and was caused by the too rapid application of the 
blast. On breaking the crucible across, the interior presented the ap- 
pearance of a porous mass of dark gray color, through which globules 
of alaminum were scattered. This mass was placed in dilate muriatic 
acid, and began in part to dissolve with effervescence. 

A few iron-black shining scales, like those of graphitic siHcon, sepa- 
rated out, and these perhaps constituted the original object of the exper- 
iment — that is, were zirconium in the form corresponding to graphite. 
The color and lustre were very like those of silicon in this form ; the 
scales appeared however to be thin and flat rather than needle-like; no 
definite angles or planes could be seen under a high microscopic power. 
In another experiment these scales were obtained in larger proportion, 
excluding, I think, the likelihood of their being silicon itself, derived 
either from the aluminum or the lime ; the absolute amount, however, 
was very small, and no chemical examination of the scales could be 
made. 

As the acid continued to act upon the mass taken from the crucible, 
bright surfaces and little veins of golden color and lustre made their 
appearance, and here crystalline structure became apparent under a 
common pocket-lens. It was necessary, however, to use a pretty high 
microscopic power in order to bring out the form of the very minute 
specks which formed these gold-like crusts ; with a magnifying power 
of 400-600 they were seen to consist of distinct cubes, the largest of 
which were not more than the one-hundredth of a millimetre on the 
side. The color and lustre were those of gold, and the appearance of 
some of the microscopic specimens was very beautiful, the little cubes 
being imbedded in a colorless glassy matrix, probably a compound of 
zirconia and lime. One was reminded by them of the titanium cnbes 
of the iron smelting furnaces. 

This gold-colored substance was but very slightly acted on by the 
common acids, even the nitro-muriatic, or by the alkalies in solution ; 
fused with caustic potash it gave off ammonia in abundance, thus proving 
the presence of nitrogen. Its composition was not determined quanti- 
tatively, owing to want of sufficient material, for much of the zirco- 
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nium had combined with the oxygen of the air, but a part uniting to 
the nitrogen. The nitride in contact with water at common tempera- 
tures appeared to undergo in some slight degree the same decomposi- 
tion that Deville and Wohler * have remarked in the case of nitride of 
silicon, ammonia being formed. 

It having been shown that zirconium is capable of uniting directly 
with the free nitrogen of the air, one or two experiments were made 
with gaseous compounds of nitrogen. 

Amorphous zirconium was heated in a Bohemian glass tube up to 
the temperature at which the latter softened, a stream of ammoniacal 
gas being passed through it. At a low red heat there suddenly ap- 
peared a bright glow, spreading rapidly over the metallic powder, and 
then disappearing ; this was probably owing to the presence of a little 
hydrate of zirconia, the water of which, as Berzelius has shown, yields 
oxygen to the metal when heated. After cooling, the tube was found 
to contain a dark gray, perfectly amorphous powder. Under the mi- 
croscope it .could be seen that the gray color was due to a mixture of 
white and black particles ; the white being no doubt zirconia, produced 
partly by the presence of hydrate as just noticed, and partly by the feet 
that the ammonia had not been perfectly dried. The gray powder was 
gently heated in the air to drive off any free ammonia, and then fused 
with caustic potash ; it gave off ammonia in abundance. Heated to 
low redness in the air, it took fire, glowed brightly, and even continued 
to burn when removed from the lamp-flame. It burned almost white, 
and when afterwards fused with caustic potash, gave only traces of 
ammonia. 

A similar amorphous gray powder was obtained by heating the anhy- 
drous chlorid of zirconium in gaseous ammonia, chlorid of ammonium 
and hydrochloric acid volatilizing. Unfortunately the ammonia was 
not quite dry, and in consequence the color of the powder was light, 
showing the presence of but little nitride; on fusion with caustic potash 
but little ammonia was given off. 

Lastly, pulverulent zirconium was heated to bright redness in a 
tube of Bohemian glass, through which passed a stream of dry cyano- 
gen. The glow alluded to above appeared and spread over the mass. 
On cooling, an amorphous powder was obtained, of black color with a 



1^ Ann. d* Chem. a. Phann., Mai, 1859, S. 249. 
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shade of chocolate-brown; this, after gentle heating in the air, was 
fused with caustic potash and gave off ammonia in large quantity. 
Stronglj heated in the air, the powder took fire, and bnmed nearly 
white ; after burning, it gave with caustic potash slight but distinct 
traces of ammonia. The black powder was not dissolved hj muri- 
atic acid, and appeared to be scarcely affected hj nitro-muriatic acid. 
Hot oil of vitriol seemed to act on it but slightly and very slowly ; the 
acid became brown, and a little gas, apparently sulphurous acid, was 
given off; hence it is probable that this powder contained carbon — was 
perhaps a nitro-cyanid. 

These experiments would seem to show that : 

1. Zirconium, like titanium, silicon, and boron, has a strong affinity 
for nitrogen, is capable of removing it from some of its compounds, 
and will even unite directly with it when free and inert, as in atmos- 
pheric air. 

2. The relation, thus indicated, of zirconium to titanium and silicon, 
supports the evidence afforded by the late experiments of Deville and 
Troost on the vapor-density of chlorid of zirconium, which appears Ui 
have the formula ZrCl^, analogous to TiCls and SiClg. 

3. Zirconium has probably not quite as strong an affinity for nitrogen 
as some of the other elements named above. As prepared from am- 
monia or cyanogen at least, its nitride bums when strongly heated in 
the air, like the nitride of niobium of H. Rose,* and perhaps the ni- 
trides of tungsten and molybdenum ;t in contact with water nitride of 
zirconium is probably subject to slow decomposition, like nitride of sili- 
con.^ 

4. It would be desirable to examine the action of chlorine upon this 
nitride of zirconium at a high temperature, so as to ascertain whether 
cyanogen may exist in any of the specimens prepared by different 
methods ; also to endeavor to obtain the compound in crystals of larger 
size, and to get a quantitative analysis of it in a state of purity. 



^ Ann. d. Chem. n. Pharm., Mai, 1859, S. 140. 
t Ibid., Feb. 1858,8.259. 
t Ibid., Mai, 1859, S. 249. 
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7. On the Atomic Weight of Lithium. By Prof. J. W. Mal* 

LET, of Tuscaloosa, Alabama. 

In a paper read before the American Association for the Advance- 
ment of Science in August, 1856, 1 endeavored to show that the equiv- 
alent of lithium, which has been usually taken, on the authority of Ber- 
zelius, as 6-5 (=81-25 on the oxygen scale), or 6*6 (=82*50), is in 
fact considerably higher, and may be assumed = 7* (or 87*50). 

The error involved in the older determinations was noticed as due to 
the fact, observed by Marignac and others, that when a sulphate (the 
salt analyzed) is precipitated by an excess of chlorid of barium, traces 
of the latter are thrown down with the precipitate and cannot be re- 
moved by washing, thus bringing out the quantity of sulphuric acid 
greater, and the atomic weight of the base less than the truth. 

My own results were obtained by the method used by Pelouze in de- 
termining the equivalents of sodium and barium, namely, the precipi- 
tation of chlorid of lithium by a solution of silver of known strength. 
In this way the equivalent of lithium was found by three experiments 
= 86-93, 86-96, 86-45, or in the mean 86-78 (or 6-95 as referred to the 
hydrogen unit). 

Since the publication of the above result, it has been confirmed by 
Dumas, who, in one of his recent papers on the equivalents of the ele- 
ments, states that he has found that of lithium = 7*, without however 
giving the details of the experiments on which this number is based. 

On the other hand, Troost, in a paper upon the general history of 
lithia and its salts,* has objected to the method by which my determi- 
nation of the equivalent was made, and has returned to a number near 
that originally given by Berzelius. Troost states that chlorid of lithium 
on being heated in the air loses chlorine and takes up oxygen, so that 
it must give by the method of Pelouze an atomic weight for the metal 
higher than the truth. This fact was distinctly noticed in my former 
paper, and it was stated that the decomposition might be prevented by 
addition of a little pure sal-ammoniac to the chlorid of lithium before 
heating. Troost objects to this, not that he has proved the method of 
correction defective, but that we cannot in the end tell whether the salt 

* Ann. de Chim. et de Phys., [3], t. li. p. 108. 
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oontaiiis its full proportion of chlorine or not, unless the true equivalent 
of lithium — the constant we are in search of — be known. But it is 
to be remarked that the product of the exchange of chlorine for oxygen 
is caustic lithia, exhibiting a strong alkaline reaction. I have twice or 
thrice prepared chlorid of lithium, adding sal-ammoniac, and igniting in 
a well-closed platinum crucible, and have always found that several 
grammes dissolved in a very small quantity of water (the salt is extremely 
soluble) gave not the slightest alkaline or acid reaction with the most 
delicate vegetable colors. 

Troost himself adopts crystallized carbonate of lithia as the salt to 
be analyzed in order to determine the equivalent. He precipitates the 
carbonate, washes it thoroughly, diffuses it in water througli which car- 
bonic acid gas is passed until the salt dissolves, evaporates the soluticm 
until the carbonate is deposited as a crystalline powder, and dries this 
powder at 200^. He determines the lithia in one portion of the salt by 
evaporation with pure sulphuric acid, and the carbonic add in another 
portion by noting the loss of weight on fusion with silicic acid. In this 
way he arrives at the number 6'6 (=82'5). No proof is offered that 
exposure to a temperature of 200^ is capable of removing every trace 
of water and all carbonic acid over a single equivalent; yet, unless this 
be effected, the atomic weight of lithium will be brought out less than 
the truth. The same result will follow from the mechanical loss of the 
least drop of fluid during the effervescence of the carbonate with sul* 
phuric acid or the subsequent evaporation of the sulphate of lithia; 
and, without feeling the slightest doubt of the manipulative skill of the 
French chemist, we must admit that, in so delicate a process as the de- 
termination of an atomic weight, the solution of a carbonate and evap- 
oration of the solution — steps which are generally looked upon as 
undesirable in the common course of analysis — should, if possible, be 
avoided. 

I have recently made a new determination of the equivalent, deriv* 
ing it now from experiments upon the sulphate of lithia ; applying, 
however, a method avoiding, as I hope, the source of error to which 
Marignac has drawn attention ; an error which threw much difficulty 
in the way of his successful estimation of the atomic weights of cerium, 
lanthanum, and didymium. If we add a salt of baryta in excess to a 
selution of any sulphate, the precipitate usually contains a small amount 
•of the soluble barytic salt, which cannot be washed out^ and which 
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therefore increases the apparent amount of sulphuric acid present, if 
the latter he calculated from the weight of the sulphate of harjta, sup- 
posed pure. On the other hand, if the solnhle sulphate he in excess, it 
will mix with the precipitate to some extent, and thus the proportion of 
sulphuric acid may he hrought out higher or lower than the truth, as 
the equivalent of the hase under examination is lower or higher than that 
of baryta. So that, if we wish to determine the atomic weight of lithium, 
as Berzelius did, by mixing the solution of a known amount of sulphate 
of lithia with chlorid of barium and weighing the sulphate of baryta 
precipitated, we are not certain that the weight of the latter really cor- 
responds to the quantity of sulphuric acid in the salt analyzed. The 
same objection applies to Marignac's analysis of the sulphates of cerium 
and the allied metals. He there noted the volume of a solution of 
chlorid of barium of known strength required to precipitate a weighed 
portion of the sulphate ; when a precipitate ceases to form, more or less 
chlorid of barium may have been used than is really equivalent to the 
sulphuric acid present. 

The amount of the above error must however be constant if the sul- 
phate precipitated, the salt of baryta used, and the circumstances of 
precipitation be all the same. If the same salt of baryta be used to 
precipitate different sulphates, it is probable that the amount of error 
will be different for each. But, if we take the sulphates of two very 
similar and closely related bases, it is probable that the difference in the 
amount of error will be very small. These considerations have led to 
the following method for determining the equivalent of lithium : 

Sulphate of lithia was prepared, with all possible care, from the car- 
bonate, and tested rigidly as to its purity. Two separate portions (A, 
1, and 2) of this salt were rendered anhydrous by cautious application 
of a heat below redness, and accurately weighed. Two similar portions 
of perfectly pure sulphate of soda (B, 1, and 2) were dried and 
weighed with equal care. And, lastly, two portions of pure sulphate 
of magnesia (C, 1, and 2) were in like manner dried and weighed. 
Soda and magnesia were chosen for comparison with lithia because the 
last-named base seems in most of its relations to hold an intermediate 
place between the two former, with which it is closely allied. Chlorid 
of barium was also prepared with all the precautions needed to insure 
its purity, precipitated twice from its aqueous solution by alcohol, and 
recrystallized three or four times. It was at last obtained as a fine 
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crystalline powder by stirring the hot saturated solution as it cooled, 
and this powder was allowed to dry spontaneously in the air at a tem- 
perature of about 80** F. Thus prepared, the salt — as Marignac has 
shown — is not altered in weight by further exposure to air ; its theo- 
retical composition is BaCl -}- 2H0 ; the precise amount of water actu- 
ally present was probably a little greater, owing to the mode of drying, 
but was unimportant under the conditions of experiment adopted. 

For each of the six weighed portions of sulphates mentioned above, 
the quantity of chlorid of barium needed for exact precipitation was 
calculated, assuming the equivalent of sodium = 23, that of magne- 
sium = 12, that of lithium = 7, and that of barium = 68*6, and con- 
sidering the chlorid of barium as containing strictly two atoms of water. 
Six portions of the last-named salt were weighed out (at the same 
time), each less than the amount calculated by one or two centigrammes. 
Each was dissolved in 200 cubic centimetres of hot water, and added 
to its corresponding portion of sulphate, likewise dissolved in 200 cub. 
centim. of hot water. The fluid and precipitate in the six beakers 
were well stirred, and lefl to settle. 

A solution was now prepared of 1 gramme of the crystallized chlorid 
of barium (weighed out at the same time with the larger portions) in 1 
litre of water, each cubic centimetre corresponding therefore to 1 milli- 
gramme of BaCl -\- 2H0. With this standard solution, dropped from a 
pipette whose degrees = Jth of a cubic centim., the precipitation of the 
fluid in each of the six beakers was completed — the amount of chlorid 
of barium thus employed was noted, and added to the weight of the 
main portion originally taken. At first it was easy to observe the 
formation of a precipitate on each successive addition of the chlorid of 
barium solution, and subsidence took place quickly; but, as the point of 
exact neutralization was more and more nearly approached, each obse^ 
vation became more difficult, and hours and even days were required 
in order to observe the production of a cloud by each drop added, or to 
get the fluid clear again for another trial. When the last addition of 
chlorid of barium altogether failed to produce a precipitate, a single 
drop of a solution of sulphate of soda was added, and the formation of 
a cloud noticed. 

In this way the following results were obtained : 

A, 1. — 3*8924 grm. of LiO^ SOs required for complete precipitation 
8-6323 grm. of BaCl + 2H0 as used. 
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A, 2. — 4-6440 grm. of LiO, SOg required 10-2940 grm. of BaCl 
+ 2H0. 

B, 1. — 5-0675 grm. of NaO, SOs required 8-6920 grm. of BaO 
+ 2H0. 

B, 2. — 5-1107 grm. of NaO, S0« required 8-7688 grm. of BaCl 
+ 2H0. 

C, 1. — 4-3380 grm. of MgO, SO, required 8-8318 grm. of BaCl 
+ 2H0. 

C, 2. — 4-6625 grm. of MgO, SOs required 9-4872 grm. of BaCl 
+ 2H0. 

Calculating now from B, and C, the amount of crystalline chlorid of 
barium necessary to precipitate an equivalent of NaO, SOs or MgO, 
SOs, we get the following numbers, which represent what may be called 
the 'practical equivalent of the chlorid of barium as actually used. 

Means. 

FromB, 1. 121-78 

" " 2. 121-82 



1 



121-80 



" C,l. 12215) ,^' ^21-96 

" " 2. 122-09 ^ 1-^-4.1-^ 



the theoretical equivalent of BaCl + 2H0 being 122-1 — the presence 
of any water over the normal two atoms tends to raise the practical 
equivalent — the presence of any BaCl in the precipitated BaO, SOa 
has the same effect — the presence of either of the soluble sulphates in 
the same precipitate leads to an opposite result. From this practical 
equivalent of chlorid of barium and the results given above under A, 
1, and A, 2, we may calculate the equivalent of lithium. If we adopt 
for chlorid of barium the number 121*80 — that obtained by the pre- 
cipitation of NaO, SOg — we have for A, 1, 

54-92 — 48 (i. e. SOg X 0) = 6-92 = Li, 
and for A, 2, 

^•^^^^X ^2^-^-2 =54-95 = LiO, SO3 



10-2940 
54-95 — 48 = 6-95 = Li. 
The mean of the two results is 6*935. 
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If we take for chlorid of boriam the number 122*12 — deriTed from 
the experiments with MgO, SQs — we get bj a similar calculation, 

From A, 1, Li=7-07 

** « 2, Li=7-09 

or, in the mean, 7-08. 

Lastly, if we take the mean of the two numbers for chlorid of ba- 
rium, namelj, 121-96, we get for 

A,l, Li=6-99 

« 2, Li=7-02 

or, in the mean, 7-005. 

Hence we find that the equivalent of lithium, as deduced from the 
mean results of the above experiments, comes out 

6-935 (= 86-69 on the oxygen scale) 
7-080 (= 88-49 « « « « 

or 7-005 (=87-56 " « « « 

as we take the practical equivalentj or actual precipitating power, <i 
chlorid of barium from the experiments with NaO, 80$, those with 
MgO, SOs, or the mean of the two ; these numbers exhibiting dose 
agreement, and obviously indicating 7* as the true equivalent of tlx^ 
metaL It will be observed that the above method is independent of a 
knowledge of the exact equivalent of barium, and uses chlorid of barium 
merely as a means of bringing sulphate of lithia into comparison with 
the sulphates of soda and magnesia — the equivalents of the two last- 
named bases may be considered as ranking among those best established 
— and the small difference between the practical equivalents for chlorid 
of barium deduced from these two shows the probable extent of error 
involved in the assumption of the same constant in the precipitatioQ of 
the sulphate of lithia. 

While these results confirm those formerly obtained by the analysis 
of chlorid of lithium, I do not consider them of superior, or perhaps 
even of equal value. The estimation of chlorine by the method of 
Pelouze is apparently one of the most simple and exact processes for 
the determination of an atomic weight which have ever been proposed, 
and it is, as I believe, fully applicable to the case of chlorid of lithium. 

As the result of both sets of experiments we may fairly take the 
number 7- (= 87-50) as representing the true equivalent of the metal. 
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rise to solutions of sulphate of lime, and the eyaporation of tliese, of 
sea-water, or other gypseous solutions, must give rise to deposits of sul- 
phate of lime, which will belong to the first division mentioned alnnre. 
These modes of formation however do not account for an important 
fact in the history of most stratified gypsums, which is that of their 
almost constant association with carbonate of magnesia, generally in the 
form of magnesian limestone. Beds of dolomite are often interstrati- 
fied with, or include, beds or masses of gypsum, while dolomite and 
carbonate of magnesia are sometimes found imbedded in gypsum or 
anhydrite. For a description of the magnesite which is disseminated 
in the gypsum of Salzburg, see Dufr^noy, Miniralogie, 2d ed., iL 424. 
Small masses of compact and crystalline gypsum, occasionally asso* 
ciated with crystals of calcite and quartz, abound in scxne of the dolo* 
mite beds of the so^ailled Calciferous sandrodc in Canada, and crystal- 
lized gypsum and anhydrite, together with sulphates of baryta and 
strontia, and fiuor spar, occur in geodes in the magnesian limestone of 
Niagara. The anhydrous sulphate of lime not only forms beds by itself 
but is often met with disseminated in masses, grains, or crystals tlucough 
beds of gypsum, and even interstratified with it, as in the south of 
France, in the Hartz, Switzerland, and in Nova Sootia, as described by 
Mr. Dawson. — (Acadum Gtohgy^ 225.) The conversion of beds of 
anhydrite into gypsum by the absorption of water, aiid the attendant 
phenomena, have been described by Charpentier. 

Both the hydrous and anhydrous sulphates som^imes form the 
cement of conglomerates or breccias, which enclose fiints, fragments of 
shale and of limestone, as at Pomarance in Tuscany (Scarabdli, BuU, 
Soc. GeoL de France [2], xi. 346), and also at Bex, where the cement 
of the conglomerate is a granular anhydrite (Charpentier^ 3icL [2], 
zii. 546). 

Gypsums, moreover, often include clay and sand, and sometimes con- 
tain a considerable admixture of carbonate of lime, which in those of 
Aix, according to Coquand, amounts to eight per cent* The gypsums 
of Montmartre also contain, according to Delesse, besides some day and 
sand, and several hundredths of carbonate of lime, not less than three 
per cent of soluble silica intermixed. Silica in the form of fiint or 
chert is sometimes found in concretions with gypsum; thus in the mio- 
cene days near Bologna in Italy, flints are met with associated with 
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sulphates of lime, of baryta and strontia, together with pyrites and sul- 
phur. Masses of sulphate of strontia are likewise found in clays with 
the gypsums of Montmartre, and the association of sulphate of strontia 
with the sulphur, gypsum and rock salt of Sicily is well known. The 
gypsums of Madrid, which occur in tertiary clays, are, according to 
Gasiano de Frado, accompanied by beds of chert and of magnesite. — 
BuU. Soc. Geol de France [2], xi. 334. 

Besides the rock salt which so often occurs with gypsum, we may 
here recall its frequent association with the sulphates of soda and mag- 
nesia, both of which are found in very many places imbedded in gyp- 
sum, or intermingled with rock salt or with the associated clays. (Bis- 
chof, Chem. Geology^ ii. 421-431.) Large deposits of both of these 
sulphates occur with gypsum and rock salt in Spain ; in Nova Scotia 
also sulphate of soda is found in gypsum with boro-calcite, an associa- 
tion worthy of notice from the occurrence of boracite, both crystallized 
and massive (stassfurthite) with gypsums in Germany. — (How, Am* 
Jour, of Science [2]. xxiv. 230.) 

The gypsums of the class which we are now describing appear in 
every geological period. To these apparently belong the masses of 
gypsum and anhydrite, which at Fahlun are associated with dolomite 
and serpentine in the chloritic bands of the oldest crystalline rocks of 
Scandinavia, the probable equivalents of the Laurentian system of 
North America. On this continent the oldest known gypsums are those 
already mentioned as occurring near the base of the palseozoic series, 
and in what is called by the geologists of New York the Calciferous 
sand-rock. As we ascend the series gypsum is occasionally met with 
in the Clinton and Niagara groups, until we reach the Onondaga salt- 
group in the Upper Silurian rocks of Canada and New York, which 
contains great deposits of dolomite and gypsum, occasionally accom* 
panied by sulphur. The gypsums, anhydrites, and brine springs of Nova 
Scotia belong to the Carboniferous series, while the frequent recurrence 
of gypsum in Europe through all the higher rocks up to the Miocene 
inclusive, is to well known to require notice. 

The so-called primitive gypsums and anhydrites, which in the Alps 
and Pyrennees occur interstratified with crystalline schists, are now 
known to belong to altered secondary strata. These gypsums enclose 
many crystalline minerals, such as talc, mica, epidote, hornblende,, 
dipyre, beryl, quartz, hematite^ blende, and pyrites. At Saurat in the 

VOL. XIII. 20 
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Pjrennees many of these minerals appear in the vicinity of a mass of 
granite which penetrates and alters both fossiliferous limestone and 
gypsum. The latter becomes mingled with and finally passes into lime- 
stone. (Coquand, JBuU. 'Soc. GeoL de France [1], xii. 345.) In Al- 
giers, where gypsum is associated with crystalline limestone, gneiss, 
amphibolite, and serpentine, small crystals of beryl are found dissemi- 
nated alike through the limestone and the gypsum. Some of the 
gypsums of the Hartz, according to FrapoUi, contain nodules of a 
silicate of magnesia, colored by carbonaceous matter, and having the 
softness and the chemical composition of steatite. — {Ibid. [2], iv* 
832.) 

The marine origin of the greater number of gypsiferous formations 
£3 evident both from the accompanying rock salt and the associated fos- 
sils, but certain gypsums (as well as certain dolomites) have evidently 
been deposited in fresh-water basins. A gypsum from Asia Minor ex- 
amined by Ehrenberg contains a great number of fresh-water polygas- 
tric infusoria, and beds of gypsum occur in the lacustrine basins of Aix 
and of Auvergne ; the gypsiferous strata of the Paris basin are also 
regarded as of fresh-water origin. 

Besides the magnesian limestones of gypsiferous strata great deposits 
of dolomite occur in the rocks of every geological period. I^have long 
since described the dolomites which form extensive beds, often associ- 
ated with ophiolites and with crystalline limestones, in the Laorentian 
system in Canada. Great portions of the palaeozoic limestones of North 
America are magnesian, especially in the valley of the Mississippi,* 



* For the folloiniig facts with regard to the dolomites of the palseozoic rocks of 
the Mississippi yalley, I am indebted to Prof. James Hall of Albany. We have 
there in ascending order: 

1st. The so-called Lower Magnesian limestone, which is regarded as the eqnivar 
lent of the Calciferons sandrock, and is from 200 to 250 feet in thickness. It is 
the lead-bearing rock of Missoari, and probably contains the cobalt ores of that 
region. 

2d. The Galena limestone, consbting of about 250 feet of dolomite interposed be- 
tween the Trenton and the Hudson Biver groups. It is the lead-bearing rock of 
Iowa, Wisconsin, and Illinois. 

Sd. The Niagara UmesUme, also dolomitic, about 250 fbet in thickness, and some- 
times holding galena and blende. 

4th. The Ledaire or Gtdt limestone, a dolomitic formatioa interposed between the 
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while deposits of dolomites are found in Europe alike in the Permian, 
Triassic, Jurassic, and Tertiary strata. Mr. Dana has even described 
as of recent formation a dolomite from the coral island of Matea, ex- 
amined bj Silliman and myself. — (Jbm Journal of Science [2], xix. 
429.) 

The mechanical conditions of these magnesian limestones vary 
greatlj ; they are sometimes made up of crystalline grains of dolomite, 
which are strongly coherent, or more rarely form a loose sand. Not 
unfrequently the magnesian limestones are concretionary in their struc- 
ture, and may be oolitic or botryoidal. The action of the concreting 
force has sometimes obliterated the marks of stratification. The po- 
rous or cavernous structure of many dolomites is also to be remarked. 

Magnesian limestones often contain large admixtures of clay and 
sand ; dolomite is not unfrequently the cement of breccias or conglom- 
erates, as in the well-known conglomerate of the Permian system in 
England. Concretionary masses of dolomite sometimes occur in these 
aggregates, and in the Permian rocks of the Yosges are found in beds 
of a sandy clay, itself occasionally cemented by dolomite. 

I have elsewhere described two remarkable dolomitic conglomerates 
from the palaeozoic rocks of Canada. The first of these belongs to the 
upper portion of the Hudson River group, and is conspicuously seen at 
Pointe Levis and on the island of Orleans. The associated rocks are 
there graptolitic shales, sandstones, and fossiliferous limestones, together 
with great masses of a greenish or grayish-white subtranslucent 
compact concretionary limestone. This is without distinct marks 
of stratification, exhibits no trace of organic remains under the mi- 
croscope, and has all the characters of a travertine or calcareous 
sinter. Interstratified with this last are beds of bituminous yellow- 



last and the Onondago salt group. It attains upon the Mississippi a thickness of 
500 feet, but thins oat to the eastward. 

5th. The magnesian limestones of the Onondaga salt group, 100 feet thick. 

6th. A dolosiitic deposit in the upper part of the Carboniferous series. 

[The Caiciferous sandrock throughout Lower Canada^ includes extensive beds of 
dolomite, and the Hudson Eiyer group is characterized by beds of dolomite and of 
magnesite. The oldest known Silurian dolomites on Lake Huron in Canada are 
not older than the Birdseje or Chazy, and are immediately underlaid by a sand- 
stone which resembles that of St. Mary's on Lake Superior.] t. s. h. 
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weathering dolomite, containing carbonate of iron, and always inter- 
mixed with more or less sand or clay or both ; the clay in one speci- 
men amounted to fifty per cent., while another quartzose variety gave 
carbonate of lime 53-04, carbonate of magnesia 31*96, carbonate of iron 
5-80, silicious sand 8'80 = 99-60. The latter is a friable crystalline 
rock, showing in its fracture broad surfaces of cleavage, like the crys- 
tals of Fontainebleau sandstone. These dolomites, which contain no 
fossils, are occasionally traversed by veins of quartz and calcareous spar, 
or contain small masses of the latter mineral, apparently filling cavities. 
They are interstratified alike with the travertines and with the fossilif- 
erous limestones, sometimes in large beds, and at other times in lentic- 
ular masses, or in layers of a few lines in thickness separating masses 
of the travertine. 

The conglomerates of this series enclose in a paste of ferriferous do- 
lomite, grains and rounded fragments of limestone, often having the 
characters of the associated travertine, together with fragments of 
quartz and argillite, and small masses of a nearly pure yellowish crys- 
talline dolomite ; these are perhaps concretionary in their origin, and 
not imbedded fragments. Other beds of a similar conglomerate occur 
in the same series having a cement of pure carbonate of lime, and the 
travertine itself often encloses grains of sand. — ( GeoL Surv. Canada ; 
Reporty 1853^56, p. 465.) 

The other conglomerate to be noticed occurs on the islands of Mon- 
treal, St. Helens, and several other localities in the neighborhood, and 
belongs to small detached patches of the Lower Helderberg series, left 
after denudation, which repose unconformably alike on Lower Silurian 
and Laurentian rocks. In some localities they enclose the peculiar 
feldspars of the latter, in others the fossiliferous limestones, shales, 
sandstones, and cherts of the former series, while in others still the prin- 
cipal elements are black augite, mica, and olivine, derived fvota the 
igneous rocks which in this vicinity have broken through the Lower 
Silurian series. These conglomerates, which are remarkable for their 
great coherence, have a greenish, bluish, or grayish yellow-weathering 
base, and contain much carbonate of iron. The soluble portion of a 
specimen from St. Helens was equal to 46*0 per cent, and consisted of 
carbonate of lime 57*8, carbonate of magnesia 16*4, carbonate of iron 
25*8 = 100*0. In one instance these yellow-weathering beds of con- 
glomerate are associated with others of which the cement remains white 
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on the exposed surfaces, effervesces freely with acids, and is pure car«* 
bonate of lime.— {IUd.y 1857, 201.) 

Dolomite also occurs filling up fissures and cavities in other rocks, as 
in the ease of pearl-spar in geodes and veins. The black and yellow 
marble from northern Italy, known under the name of Portor, and be* 
longing according to Savi, to the Neocomian formation, is composed, by 
my analysis, of a black, nearly pure limestone containing only one hun- 
dredth of carbonate of magnesia, penetrated by veins of ferriferous do* 
lomite, which gave me 3>d'5 p. c. of carbonate of magnesia, and 4*6 of 
insoluble silicious matter, the residue being carbonate of lime and a lit* 
tie carbonate of iron. The veins of magnesian carbonate sometimes 
give to the Portor the aspect of a breccia. 

Examples of the apparent infiltration of dolomite occur in black bi«* 
tuminous limestones at Montreal and Ottawa, belonging both to the 
Trenton and Chazy divisions. These limestones, which contain only 
traces of magnesia, enclose casts of the interior of OrtbocertM Murchi* 
sonioy and Phurotomanay consisting of a gray crystalline dolomite, 
weatheiing reddish, and appearing in high relief upon exposed surfaces 
of the limestone* In both localities the limestones are traversed by 
thin, irregular veins of a similar dolomite, which communicate with the 
casts. By the action of dilute hydrochloric acid the limestone matrix 
is dissolved, and it is seen that the cavity of the fossil is in many cases 
only partially occupied by dolomite ; that portion which is uppermost 
in the stratum being often filled with carbonate of lime to the extent of 
one third or one fourth, but in other specimens the whole cast is of do* 
lomite. In some of the larger casts there are drusy cavities lined with 
crystallized dolomite and occasionally eontaming prisms of quartz. 
The analysis of a fragment of the cast of an Orthoeercts from the Tren- 
ton limestone at Ottawa, gave me carbonate of lime 56-00, carbonate of 
magnesia 37*80, carbonate of iron 5*95 = 99*75. The surrounding 
limestone, which was compact, bluish*gray, and bituminous, contained 
3*9 p. c. of clay and sand ; its solution gave 0*6 p. c of oxyd of iron 
with alumina, but no magnesia. Similar examples of fossils replaced 
by dolomite occur in gray limestones associated with the travertines 
and dolomites of Pointe Levis. 

Magnesian lunestones are very frequently destitute of organic re* 
mains ; in some cases, however, they may ccmtain calcareous fossils, as 
in the Niagara limestone at Dudswell, where corals of the genera Oya* 

20* 
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thophyUum, Pontes, and Favosites, composed of pure carbonate of lime, 
and generally blaish-black in color, are imbedded in a yellow ferriferous 
magnesian limestone which contains an excess of carbonate of lime. 
This limestone gave by analysis carbonate of lime 56*60, carbonate of 
magnesia 11*76, carbonate of iron 3*23, insoluble quartz sand 26*72 = 
98*31. The portion soluble in cold dilute acetic acid was carbonate of 
lime with four per cent, of carbonate of magnesia and a trace of iron, 
«nd the residue when digested with dilute hydrochloric acid left 52*0 
p. c. of sand and pyrites ; the dissolved part consisting of carbonate of 
lime 51*75, carbonate of magnesia 35*73, carbonate of iron 12*52= 
100*00. 

In the magnesian limestone of Gait in western Canada, which is a 
pure crystalline dolomite, there are numerous casts of bivalve molluscs, 
the shells of which were evidently removed by solution after they had 
been filled and enveloped by the dolomitic matrix, since the walls of 
the cavities once occupied by the shells of a large bivalve, MegaHamtu 
Canadensis, retain the markings of the inner and outer surfaces of the 
shell. Similar moulds of OpMleta compaeta are abundant in the blue 
dolomite of Beauhamois, which belongs to the Calciferous sandrock ; 
in a dolomite of the same geological formation from the Mingan 
islands, the shells of Ophileta, Maclurea, and Scaphites are replaced by 
silica. 

In some portions of the Gait formation, fragments of encrinal col- 
umns are found replaced by dolomite, which is only distinguished by a 
little difference of color from the matrix. It would appear in this case 
as if the calcareous fossil, having been first removed by solution, the 
cavity had been subsequently filled with dolomite as in the casts found 
in the Ottawa and Montreal limestones. 

Although dolomites not unfrequently form by themselves masses of 
great thickness, as in the Jurassic formation of the Tyrol and the palae- 
ozoic rocks of the west, they are often interstratified in an intimate 
manner with pure limestones. Such is the case with the ferriferous 
dolomites already noticed in describing the dolomitic conglomerates and 
travertines of Pointe Levis. In the Chazy limestone of Montreal, 
tliin, irregular layers of reddish ferriferous dolomite, themselves filled 
with encrinal columns, are interposed between beds of fossiliferous 
limestone. The magnesian layers being pulverulent, the encrinal 
icolumns, which are pure carbonate of lime, are easily separated from 



PHYSICS AND CHEHISTBT. 235 

their matrix, which gave me carbonate of lime 40*95, carbonate of 
magnesia 24*19, carbonate of iron 27*03, silicious sand without alumi- 
na, 9*01 = 101*18 ; the iron was in part as peroxyd. The bluish crys- 
talline limestone distant an inch from the magnesian layer gave 18*4 
p. c. of white insoluble residue and 1*09 p. c of carbonate of mag- 
nesia. 

In these strata we sometimes meet with similar reddish pulverulent 
layers which contain no carbonate of magnesia, but are composed of 
carbonate of lime with a large amount of peroxyd of iron ; such a mix- 
ture in one instance forms the cement of a breccia of fragments of the 
blue limestone ; it was perhaps at one time a double carbonate of lime 
and iron. 

The thin beds of dolomite above described are closely associated with 
those holding the dolomitic casts of orthoceratites already noticed ; 
these were enclosed in a nearly black compact limestone, which, during 
its solution in hydrochloric acid, evolved traces of sulphuretted hydrogen. 
The residue contained a little iron pyrites, which was removed by nitric 
acid ; it was black from carbonaceous matter, but became white by 
ignition in the air, and was an impalpable powder, equal to 12*8 p. c. 
of the rock. Dilute soda ley removed from it 9*5 p. c. of its weight of 
soluble silica, and the residue had nearly the composition of a feldspar. 
It gave me, silica 73*02, alumina 18*31, lime 0*93, magnesia 0*87, pot- 
ash 5*55, soda 0*89 = 99*57. 

The fossiliferous yeUow magnesian limestones of Dudswell are 
in like manner interstratified with beds of gray crystalline limestone 
containing 6*3 p. c of sand and only 1*3 p. c. of carbonate of magne- 
sia. These beds having been much disturbed and broken, the interstices 
appear to have been filled up with portions of the yellow magnesian paste, 
giving rise to a marble which in some portions resembles the so-called 
Portor. 

We see from the above examples that dolomites may occur interstrat- 
ified both with limestones of organic origin and with others which are 
evidently chemical deposits. Allied to these latter are certain porous 
tufaoeoos beds of carbonate of lime which sometimes accompany dolo- 
mite. Such tufas occpr alternating with the dolomites and gypsiferous 
marls of the Onondaga salt group. A similar layer of cellular calca- 
reous tufa, free from magnesia, I have observed immediately coverii^ 
a deposit of crystalline incoherent dolomite in the Eocene series at 
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Pont St Maxence in France. (See also, Damour, Butt4 Soc. OeoL de 
France [2], xiii. 67.) 

The chemical constitution of the rocks containing carbonate of mag- 
nesia now demands oar consideration. Pure dolomite is well known to 
consist of equivalents of carbonate of lime and magnesia corresponding to 
45 '65 parts of the one to 54*35 of the other, and many magnesian lime* 
stones have this composition, or contain beside only mechanical impuri- 
ties, such as sand and clay. Others, with an excess of carbonate of lime, 
are shown by the method of Karsten to be mixtures of dolomite with car- 
bonate of lime, which is readily separated by the solvent action of oold di- 
lute acetic acid. The same chemist, however, found in cleflts and 
fissures of the gypsiferous rocks of Luneberg and elsewhere, car- 
bonates of lime and magnesia mingled with clay, from, which dilate 
acetic or muriatic acid removed the whole of the lime, leaving a residue 
of fk>m 4*0 to 68*0 p. c. of magnesian carbonate, which had evidently 
been mechanically intermingled with the carbonate of lime« — »(6bohof, 
Lehrbuchf ii. 1161.) Since the presence of sulphate of lime appears to 
prevent, in a great measure, the union of the two carbonates, we 
might suppose that the association of gypsum with these magnesiaa 
clays had in some way hindered the formation of the double carbonate. 
The free carbonate of lime which they contain is, however, probably 
epigenic and produced by the decomposition of a portion of the mag- 
nesite by the infiltration of dissolved gypsum. 

Carbonate of iron often replaces a part of the magnesian carbonate 
in dolomites, which also sometimes contain carbonate of manganese, 
and even carbonates of zinc, cobalt, and lead. It not unfrequently hap- 
pens that the sum of the other carbonates in these ferruginous dolo- 
mites is more than equivalent to the carbonate of lime. Such is the case 
with the dolomite from the Ghazy formation at Montreal. 

The dolomites of the Hudson River group in eastern Canada are 
very often associated with copper, nickel, titanium, chrome, and manga- 
nese. A gi*ayish granular dolomite from Sutton, which contains dis- 
seminated chlorite and crystals of magnetite, weathers blackish-brown 
from the presence of manganese. The foreign minerals are arranged 
in bands, and layers of the dolomite an inch or two in thickness are ap- 
parently free from admixture. The analysis of such a portion gave 
me^ carbonate of lime 40*10, carbonate of magnesia 20*20, carbonate 
of iron 10*65^ carbonate of manganese 7*65, insoluble, chiefly quartZy 
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21-45 = 100*00. The associated crystals of magnetite contained no 
trace of manganese.* 

Magnesian limestones containing an excess of carbonate of magnesia 
are not uncommon ; one from the muschelkalk of Thuringia gave to 
Senft, carbonate of lime 42*9, carbonate of magnesia 55*4, besides 2*7 
of carbonate of iron = 1 01*0. A lacustrine dolomite from the brown- 
coal formation near Giessen contains, according to Knapp, carbonate of 
lime 42-80, carbonate of magnesia 49*63, besides oxyd of iron and 
impurities, and a specimen from the Lower Magnesian limestone 
from Lake Superior, gave to Whitney, carbonate of lime 25-28, and 
carbonate of magnesia 32-57, besides 37*0 of sand and a little iron and 
alumina. 

Similar magnesian rocks are described by Alberti as occurring in 
the variegated marls of the heuper or upper part of the Triassic system 
in Germany. A tender greenish schistose marl from Tubingen effer- 
vesced very slightly with adds, and gave for 100*00 parts, carbonate of 
lime 14*56, carbonate of magnesia 19*10, the remainder being clay with 
a little iron-oxyd. — (Senft, Die Feharten, 134.) Von Bibra has de- 
scribed similar magnesian marls from the muschelkalk in Franconia 
(Bischof, LeArhceh, ii. 1158), and Gueymard from the gypsums of Ko- 



* Carbonate of manganese is frequently met 'with in the rocks of this geological 
series, causing them to weather brownish-hlack. 1 have described an impure chlo« 
ritic limestone of this kind from Granbj (Canada East), which contains besides pro- 
toxjds of manganese and iron, portions of chrome, nickel and titanium. — Report, 
1 853-56, 474, and Amer. Jour. Sci. [2] , xxvi. 238. Rogers has in like manner noticed 
the occurrence of a large proportion of protoxyd of manganese in the olive-colored 
slates of the Lower Silurian series in Pennsylrania, and to the decomposition of 
such rocks correctly ascribes the origin of the deposits of peroxyd of manganese 
met with in that region. Beds of silicate of manganese, more or less intermingled 
with carbonates of manganese and lime, are interstratified with crystalline schists 
in various localities in New England. I may mention in this connection a compact 
massive carbonate of manganese which is said to occur in slates supposed to be of 
Silurian age, at Placentia Bay, Newfoundland, and which I received from Dr. J. W. 
Dawson. It is conchoidal in fracture, translucent on the edges, with a feeble waxy 
lustre ; color, fawn to pale chestnut-brown. H. 4'0. D. 3*25. It is penetrated and 
incrusted in part with crystalline peroxyd of manganese. Acids in the cold scarcely 
attack this mineral, but heated nitric acid dissolves it with effervescence, leaving a 
residue of 14'4 p. c. of silica, of which the greater part is soluble in a dilute alka- 
line solution. The analysis gave me besides 84*6 p. c. of carbonate of manganese, 
and traces of lune, iron and magnesia. — Report, 1857, 204. 
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quevaire in Provence. The bituminous salt-clays (salzthm) whicli 
occur with gypsum and rock salt, when freed bj washing from soluble 
salts, contain, according to Schaf hautl, carbonates of magnesia and 
iron, often with very little carbonate of lime, the argillaceous matter 
varying from 12-0 to 70-0 p. c — (Bischof, Lehrbuch, iL 1725.) To 
these clays are perhaps related the magnesian marls examined bj 
Karsten (§56). Volckel has described a dark gray rock interstratiBed 
with limestone from the keuper near Solothurn, and consisting of 
carbonate of magnesia 54*55, carbonate of iron 33*94, carbonate of 
lime 0*67, with 10*81 of clay, water, etc — (L, and K, Jahre$bericJUj 
1849, 581.) 

Magnesian rocks allied to the last occur in the Hudson River group 
of eastern Canada, and were described by me several years sinoe. In 
the township of Sutton, interstratified with dolomite, steatite, and talco- 
quartzose strata, is a bed of green and white reddish-weathering crys- 
talline rock, gneissoid in structure, and containing variable proportions 
of magnesian carbonate. A pure and nearly white fragment gave to 
hydrochloric acid, carbonate of magnesia 83*35, carbonate of iron 9*02, 
and lefl insoluble 8*03 = 100*40 ; while another specimen from the 
same mass contained, carbonate of magnesia 33*00, carbonate of iron 
19*35, alumina 0*50, insoluble 45*90 = 98*70. In both cases the solu- 
tion contained a little nickelj which occurs in the rock, in part at least, 
in the form of grains of nickeliferous pyrites. The insoluble portion 
is a silicate of alumina and alkalies, with a little magnesia, and appears 
to consist of a mixture of feldspar with a little mica and talc, the latter 
minerals being colored emerald-green by a small portion of oxyd of 
chrome. 

In the township of Bolton there occurs a bed of magnesite many 
yards in breadth, interstratified between steatite on the one side, and an 
impure ophiolite passing into diorite, on the other. It is made up of 
brilliant cleavable grains of magnesian spar, bluish-gray or nearly 
white in color, and intermingled with others of white hyaline quartz^ 
which sometimes forms small irregular veins. One of several analjrses 
of this rock gave me, carbonate of magnesia 59*13, carbonate of iron 
8*32, insoluble 32*20 ^=99*65, In other specimens the proportion of 
carbonat/B of iron is a little greater, and traces of carbonate of lime ate 
sometimes met with, while nickel is never wanting and sometimes coats 
the joints of the rock with a yellpwish-green film of what appears to be 
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a hydrocarbonate of nickel ; the proportion of this metal determined 
upon a considerable quantity of the rock was found equal to about one 
thousandth. The insoluble residue from this magnesite was greenish- 
gray in color, and gave by analysis 93*6 p. c. of silica, besides some 
alumina, 0*8 of alkalies, and traces of lime, magnesia, and oxyd of 
chrome, which gives an emerald-gi'een color to some portions of the 
rock. I have already shown that nickel is rarely absent from the mag- 
nesian rocks of this region, where it is generally accompanied by 
chrome. These magnesites in powder do not perceptibly effervesce 
with cold hydrochloric acid, which however readily dissolves them with 
the aid of heat. The decomposition of the contained carbonate of iron 
renders their weathered surfaces reddish-brown and pulverulent. — (i?6- 
porty 1853-56, p. 460.) 

I have detected a quartzose magnesite closely resembling that of Bol- 
ton, containing nickel, and stained emerald-green by oxyd of chrome, 
among a collection of rocks brought from California by Mr. W. P. 
Blake, who also found a bed of nearly pure white compact carbonate 
of magnesia among the crystalline schists of that region. I may here 
recall the existence of beds of magnesite among argillites in Styria, 
and also in the ancient crystalline gneiss of Modum in Norway, where 
a ciystalline magnesite is the gangue of crystals of serpentine and ilme- 
nite. — {Am. Jour, of Science. [2], v. 389.) 

The greater number of dolomites and magnesian rocks are shown by 
their 'fossils or by the nature of the associated strata to be of marine 
origin, but dolomites are also found in fi*esh-water deposits. Such is 
that, with excess of magnesian carbonate from the brown-coal formation 
nea^Giessen (§ 57), and dolomites are said to occur with the lacustrine 
limestones of Dachingen near Ulm. — (Senft, Die Felsarten^ 133.) 

Having in the preceding pages brought together the principal 
facts in the history of magnesian rocks, as well from the researches 
of others as from our own observations, we have seen that these rocks 
consist essentially of dolomite, mixed with carbonate of lime on the one 
hand, and with carbonates of magnesia and iron on the other, passing 
thus into magnesite. The frequent intermixtures of sand and clay and 
even of fragments of quartzite, argillite, and limestone, clearly show 
their sedimentary origin, which is moreover rendered evident by the 
fact that they are often interstratified with pure limestones and even 
inclose calcareous corals ; these facts exclude the idea of the formation 
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of all such dolomites at least, by the alteration of deposits of carbonate 
of lime as supposed by Von Buch, Haidinger, and Favre. 

The dolomites of the Tyrol which Von Buch imagined to have been 
formed from the alteration of limestones by magnesian vapors evolved 
at the time of the ejection of certain melaphyres of that region, have 
been shown to be much more recent than these melaphyres, which ac- 
cording to Fournet are not intrusive but sedimentary rocks, probably 
of Carboniferous age, altered in situ. These metamorphosed strata 
are separated from the dolomites, which are Jurassic, by unaltered 
Triassic strata, including the muschelkalk and a conglomerate holding 
rolled fragments of the melaphyres.* (Bull. Sac. Geol. de France [2], 
vi. 506-516.) In several other cases where dolomization was sup- 
posed to have been produced by the proximity of igneous rocks, De- 
lesse and Delanoue have shown that the change had been limited to an 
alteration in the texture, and that there had been no addition of mag- 
nesia. 

Favre supposes with Haidinger that magnesian solutions under heat 
and pressure have given rise to dolomites by decomposing beds of lime- 
stone with formation of carbonate of magnesia agreeably to the obser- 
vations of Von Morlot and Marignac. (Jbid, [2], vi. 318.) This 
hypothesis is evidently not applicable to those magnesian limestones 
which include beds, fragments, or organic remains of pure carbonate of 
lime. In any case we must suppose a long continued filtration of solu- 
tions of magnesian chlorid through the heated limestone under certain 
conditions, which seem at least improbable. 

The theory of the formation of magnesian sediments will be readily 
understood from the experiments which have been described in thefsar- 
lier parts of this paper,t but before proceeding to its consideration I 
wish to call attention to the results of the concentration by evaporation 
of natural waters in basins without an outlet. If such a basin con- 
tain sea-water, the gypsum, being insoluble in a saturated brine, will be 
entirely deposited before the crystallization of the sea-salt, and there 
will remain a liquid containing no lime-salts, but chlorids of sodium and 
magnesium with a large amount of sulphate of magnesia. Such are 

^Bischof cites Fournet , Histoire de la Dolomie, 1847, but I have not been able to 
consult the work in the preparation of this paper, 
t See note to page 247. 
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the waters of Lake Elton and many of the hrine pools of the Russian 
steppes, while on the contrary the saturated brines of the Dead Sea 
and some other salt lakes contain little sulphate but abundance of 
chlorid of calcium, and if they are the residues of sea-water, have been 
modified by additions of this salt, which has converted the sulphate of 
magnesia into chlorid of magnesium and gypsum, the calcareous chlorid 
remainiug in excess. 

But while some of these saline lakes may be supposed to be basins 
of sea-water, modified by evaporation either alone or conjoined with 
the influx of foreign saline matters, others were evidently once fresh- 
water lakes in which, the loss of water being equal to the supply, have 
gradually accumulated the soluble salts of all the rivers and springs 
flowing into the lake. We may arrive at some notion of the diverse 
natures of the diflerent saline lakes which would be formed in this way 
if we suppose the waters of different European rivers to be subjected 
to evaporation under conditions like those of the salt lakes of Western 
Asia. In the waters of the Elbe and Thames chlorids greatly predom- 
inate (in the latter with gypsum), with small amounts of magnesian 
salts, and the evaporation of these waters would give rise to lakes con- 
taining a large proportion of common salt. In the Seine, on the con- 
trary, sulphate of lime predominates, while the waters of the Bhine, 
the Danube, the Arr, and the Arve contain but small amounts of chlor. 
ids and large proportions of sulphates of lime and magnesia. 

In other rivers we find alkaline salts ; the Loire at Orleans, accord- 
ing to Deville, contains in 100,000 parts, 13*46 of solid matters, of 
which 35*0 p. c. is carbonate of lime, 30*0 p. c. silica, while two thirds 
of the more soluble salts consist of carbonate of soda. In the waters 
of the Garonne, with as large a proportion of silica, and more carbon- 
ate of lime, the carbonate of soda equals one fourth of the soluble salts, 
while 100,000 parts of the water of the Ottawa, according to my analy- 
sis, contain 6*11 parts of solid matters, consisting of carbonate of lime 
2*48, carbonate of magnesia 0*69, silica 2*06, sulphates and chlorids of 
potassium and sodium 0*47, and carbonate of soda 0*41. {Report GeoL 
Survey of Canada, 1853-56, 360, and Philos. Mag. [4], xiii. 239.) 
SUica, although more abundant in alkaline river waters which are 
chiefly derived from crystalline rocks, is not wanting in waters contain- 
ing neutral earthly salts, like the Seine and the Rhone, of the solid 

VOL. XIII. 21 
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matters of which, according to DeviUe, it forms respectively 10*0 and 
13*0 p. c. — (Ann, de Ghem, et Phys. [3], xxiii. 32). 

The waters which rise from the Lower Silurian shales of the St 
Lawrence valley are, as I have elsewhere shown, remarkable for the 
predominance of alkaline salts, which sometimes amount to one thou- 
sandth, or more than one half the solid matters present ; these waters 
are distinguished from the river waters just mentioned by their compar- 
atively small amount of silica and earthy carbonates, and by the pres- 
ence of a notable proportion of borates. — {Rep, GeoL Survey of Can- 
ada, 1852, p. 165,-1853-56, p. 469, and Froc. Royal Sac,, Phil 
Mag. [4], xvi. 376.) 

We may here refer to the strongly alkaline waters furnished by the 
artesian wells of Paris and London as evidences of the abundance of 
alkaline carbonates in natural waters, and to the springs of Vichy and 
Carlsbad, the latter of which, according to the calculations of Gilbert, 
furnish annually more than thirteen millions of pounds of carbonate of 
soda. The evaporation of these alkaline waters, whether rivers or 
springs, must give rise to natron lakes like Lake Van and those of the 
plains of Arazes, Lower Egypt^ and Hungary. — (Bischof, Z^Ar^^ 
ii. 1143). 

The carbonate of soda contained in these waters has its source in the 
decomposition of feldspathic minerals, and shows the continuance in our 
time of a process whose great activity in former geologic ages is at- 
tested, as I have elsewhere maintained, by vast accumulations of argil- 
laceous sediments deprived of a large portion of their soda, and also by 
the carbonate of lime which by the intervention of carbonate of soda 
has been formed from the chlorid of calcium of the primeval ocean and 
deposited as limestone. 

An indispensable condition for the precipitation of carbonate of magne- 
sia is the absence of chlorid of calcium from the solutions, and this in 
the presence of excess of sulphates is attained simply by evaporatiiu[ 
to the point where gypsum becomes insoluble. Li nearly all river and 
spring waters bicarbonate of lime is present in a large proportion, and 
is often the most abundant salt. We have shown that when mingled 
with a solution containing sulphate of magnesia, it gives rise by double 
decomposition to bicarbonate of magnesia and sulphate of lime. By 
the evaporation of such a solution, the latter salt, being less soluble, is 
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first deposited in the form of gypsum, while the magnesian carbonate 
is only separated after further evaporation, when, provided the supply 
of bicarbonate of lime still continues, the two carbonates may fall 
dovm in a state of intermixture. In this way sediments will be formed 
containing the elements of dolomite of magnesite. 

The solution of magnesian carbonate remaining after the deposition 
of the gypsum, possesses, as we have seen, the power of decomposing 
cblorid of calcium, and when deprived of a portion of its carbonic acid 
by evaporation, reacts in a similar manner with a solution of sulphate 
of lime. In this way, an influx of sea-water into the basin from 
which gypsum, and perhaps a portion of magnesian carbonate, has 
already been deposited, would give rise to a precipitate of carbonate of 
lime, like the tufaceous limestones, whose occurrence with gypsum and 
dolomites has been already noticed. In basins which, like the salt la- 
goons of Bessarabia on the shores of the Black Sea, receive occasional 
additions of sea-water, and deposit every summer large amounts of salt 
. (Bischof, Lehrhuch, ii. 1717), the influx of waters containing bicarbon- 
ate of lime would give rise to the formation of beds of gypsum, alter- 
nating with dolomites or magnesian marls and rock salt. 

We have already referred to the analyses of certain rivers, in which 
the sulphates are more abundant than the chlorids. Thus, in the 
Rhine, near Bonn, according to Bischof, we have for 100,000 parts of 
the water, 17'08 of solid matters, of which 1*23 are sulphate of lime, 1*81 
sulphate of magnesia, with only 1*45 of chlorid and 8*37 of carbonate 
of lime ; in the Danube near Vienna, the predominance of sulphates is 
still more marked. The waters of the Arve, in the month of February, 
g&ve to Tingry, for 100,000 parts, 24*5 of solid matters, of which 6*5 
were sulphate of lime, 6*2 sulphate of magnesia, and 8*3 carbonate of 
lime, with only 1*5 of chlorids. Now, as in river waters there is always 
present an excess of carbonic acid, and as bicarbonate of lime and sul- 
phate of magnesia in solution are mutually decomposed, these waters, 
which are to be regarded as solutions of sulphate of lime and bicarbon- 
ate of magnesia, would, by their evaporation, yield gypsum and mag- 
nesian carbonate, which would appear as portions of a fresh-water 
formation, like those of Aix and Auvergne. 

The decomposition of soluble sulphates by bicarbonates of baryta 
and strontia, will explain the formation of heavy spar and celestine, and 
their frequent association with gypsiferous rocks. 
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As to the native sulphur which is often associated both with epigenic 
and sedimentary gypsums, it has doubtless in every case been formed, 
as Breislak long since indicated, by the decomposition of sulphuretted 
hydrogen. It is well known that alkaline and earthy sulphates are re- 
duced to sulphurets by organic matters, with the aid of heat, or even 
at ordinary temperatures, in presence of water. To the decomposition 
of these sulphurets by water and carbonic acid, we are to ascribe not 
only the sulphuretted hydrogen of solfataras, which, by its oxydation, 
under different conditions, gives rise either to free sulphur, or to sulphuric 
acid and to gypsum by epigenesis, but also the sulphuretted hydrogen 
which appears in springs and in stagnant waters, where the sulphur 
produced by the decomposition of the gas is often mingled with sedi- 
mentary gypsums.* — See Bischof, Lehrluch, ii. 139-185. This author 
has suggested the decomposition of chlorid of magnesium by alkaline 
or earthy sulphurets as a source of sulphuretted hydrogen and hydrate 
of magnesia, into which sulphuret of magnesium is readily resolved in 
the presence of water. — Chem. Geology ^ i. 16. If a salt of calcium 
were present, this reaction could only take place in the absence of car- 
bonic acid, for carbonate of magnesia is incompatible with chlorid of 
calcium. The direct reduction and decomposition of sulphate of mag- 
nesia by organic matters and carbonic acid may, however, yield sulphu- 
retted hydrogen and carbonate of magnesia, and thus, in certain cases 
give rise to magnesian sediments. 

In the preceding sections, we have supposed the waters mingling 
with the solution of sulphate of magnesia to contain no other bicarbon- 
ate than that of lime, but bicarbonate of soda is often present in large 
proportion in natural waters, and the addition of this salt to sea-water 
or other solutions containing chlorids and sulphates of lime and mag- 
nesia, will, as we have seen, separate the lime as bicarbonate, and 
give rise to liquids, which, without being concentrated brines, as in the 
previous case, will contain sulphate of magnesia, but no lime salts. A 
further portion of bicarbonate of soda will produce bicarbonate of mag- 
nesia, by the evaporation of whose solutions as before, hydrated car- 
bonate of magnesia would be deposited, mingled with the carbonate of 
lime which accompanies the alkaline salt, and in the case of the waters 



* On certain modes of decomposition of the sulphates, see Jacqaemin, Comptes 
RenduSf Jane 14, 1858. 
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of alkaline springs, the compounds of iron, manganese, zinc, nickel, 
lead, copper, arsenic, chrome, and other metals, which springs of this 
kind still bring to the surface. In this way the metalliferous character 
of many dolomites is explained, as also the frequent association of 
metals, such as copper, nickel, cobalt, chrome and titanium, with ser- 
pentine, steatite, diallage, olivine, and other magnesian silicates, which 
owe their origin to the alteration of magnesian sediments such as we 
have described. 

As the separation of magnesian carbonate from saline waters by the 
action of bicarbonate of soda does not suppose a very great degree of 
concentration, we may conceive this process to go on in basins where 
animal life exists, and thus explain the origin of fossiliferous magnesian 
limestones like those of the Dudswell, and the Silurian rocks of the 
western United States, whose fossils, as I am informed by Mr. James 
Hall, of Albany, are generally such as indicate a shallow sea. To the 
intervention of carbonate of soda is, I conceive, to be referred the origin 
of all those dolomites which are not accompanied by gypsums, and 
which make up by far the larger part of the magnesian limestones ; 
nor will the dolomites thus derived be necessarily marine, for the same 
reagent with waters like those of the Danube and Arve would give 
rise to dolomites and magnesites in fresh-water formations, which un- 
like those before mentioned, would not be accompanied by gypsums. 

To the first stage of the reaction between alkaline bicarbonates and 
sea-water I am disposed to ascribe the formation of certain deposits of 
carbonate of lime which, although included in fossiliferous formations, 
are unlike most of their associated limestones, not of organic origin, 
but have the characters of a chemical precipitate of nearly pure car- 
bonate of lime, in which are often imbedded silicified shells and corals.* 



* The large proportion of dissolved silica which many river waters contain 
appears in sedimentary deposits, not only replacing fossils and forming concretions 
and even beds of flint, chert, and jasper, bat also in a crystalline state, as is seen in 
the crystallized qnartz often associated with these amorphous varieties, and in some 
beds of sandstone which are made up entirely of small crystals of qnartz. Elie de 
Beaamont long since called attention to the crystalline nature of certain sandstones 
which, as Daubr^e has remarked, could not have been derived from the disintegra- 
tion of any known rock, and Mr. J. Brainard, at the meeting of the American Asso- 
ciation for the Advancement of Science, held at Cleveland, insisted upon the crys- 
talline character of the grains composing sandstones in Ohio, as evidence that these 

21* 
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It ifl not perhaps easy in all cases to distingnish between such precipi- 
tates, which may assome a concretioDarj stmctore (see on this question, 
Bischo^ Chem* GtoLogyy L 428), and those deposits which like traver^ 
tines have been formed from subterranean springs. In neither case, 
however, should the j be confounded with the tufaceous limestones which 
we mentioned* 

The union of the mingled carbonates of lime and magnesia to form 
dolomite, is attended with contraction, which in case the sediment was 
already somewhat consolidated, would give rise to fissures and cavities 
in the mass. Should the dolomitic strata be afterwards exposed to the 
action of infiltrating carbonated waters, the excess of carbonate of lime 
and any calcareous fossils would be removed, leaving the mass still 
more porous, with only the moulds of the fossils. Insoluble, how- 
ever, as it appears to be at ordinary temperatures, the filling up of such 
eavities both in magnesian and in pure limestones, not less than its de- 
position in veins and druses, indicates that dolomite is, under certain 
conditions, soluble. 

The lowest temperature at which hydrous magnesian sediments may 
be transformed into magnesite and dolomite has yet to be determined. 
The requisite heat has, however, doubtless been attained by the accu- 
mulation of overlying sediments, in virtue of that law which causes the 



were chemical deposits. He, however, fell into the error of supposing that all sand- 
stones and even qaartzose conglomerates hare had a like origin, while the latter and 
the greater part of the former are nndonbtedly mechanical deposits from the ruins 
of pre-existing qaartzose and granitic rocks. 

These crystallized sands, according to Daabr^, are met with in beds in the sand- 
stone of the Vosges, the yariegated sandstone (Triassic and Permian), in the ter- 
tiary of the Paris basin and elsewhere. Other sands are made np of globoles of 
calcedony, apparently like the crystallized sands a chemical deposit, and associated 
with oolitic iron ores in the lias, and with glaaconite grains in the green-sand. 
(Danbr^e, Becherchea surU Striage des Roches^ etc., Ann. des Mines, 1857, 6 liyr.) 
We may here mention the so-called gaixe from the green-sand of the Ardennes, 
which gave to Sanvage 56*0 p. c. of amorphous soluble silica mixed with quartz 
«and and glauconite. (Bischof, Lehrbuch, i. 768-811). 

Maschke has shown that under certain conditions silica is soluble in about 
forty parts of pure water ; from this solution it separates by evaporation or by the 
addition of concentrated saline solutions in a form insoluble in water. {Jour, fur 
prakt* Chemie, Ixvili. 233.) In these reactions we have a key to the formation of 
•iliciotts deposits. 
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temperature to increase as we penetrate the earth's crust. This increase 
we may suppose with Mr. Hopkins to have been much more rapid in 
former epochs than at present. — Geol. Joumalj viii. 59, also Phillips' 
Manual of Geology^ 609. 



Note. 

This paper forms part of an article published in the American Jour- 
nal of Science for 1859 ( VoL xxviii.), in which will be found described 
with detail a series of chemical investigations, whose results may be 
summed up as follows : 

1. The action of solutions of bicarbonate of soda upon sea-water 
separates in the fi^t place the whole of the lime in the form of carbon- 
ate, and then gives rise to a solution of bicarbonate of magnesia, which 
by evaporation deposits hydrous magnesian carbonate. 

2. The addition of solutions of bicarbonate of lime to sulphate of 
soda or sulphate of magnesia gives rise to bicarbonates of these bases, 
together with^ sulphates of lime, which latter may be thrown down by 
alcohol. By the evaporation of a solution containing bicarbonate of 
magnesia and sulphate of lime, either with or without sea salt, gypsum 
and hydrous carbonate of magnesia are successively deposited. 

3. When the hydrous carbonate of magnesia is heated alone under 
pressure it is converted into magnesite, but if carbonate of lime be 
present, a double salt is formed, which is dolomite. 

4. Solutions of bicarbonate of magnesia decompose chlorid of cal- 
cium, and when deprived of their excess of carbonic acid by evapora- 
tion, even solutions of gypsum, with separation of carbonate of lime. 

5. Dolomites, magnesites, and magnesian marls, have had their origin 
in sediments of magnesian carbonate formed by the evaporation of so- 
lutions of bicarbonate of magnesia. These solutions have been pro- 
duced by the action of bicarbonate of lime upon solutions of sulphate 
of magnesia, in which case gypsum is a subsidiary product ; or by the 
decomposition of solutions of sulphate or chlorid of magnesium by the 
waters of rivers or springs containing bicarbonate of soda. The sub- 
sequent action of heat upon such magnesian sediments, either alone or 
mingled with carbonate of lime, has changed them into magnesite or 
dolomite. 
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IV. PHYSICS OF THE GLOBE. 

1. General Account op the Results op the Discussion op 
THE Declinometer Observations made at Girard Col- 
lege, Philadelphia, between the Years 1840 to 1845, 
WITH Special Keperence to the Eleven Year Period. 
By A. D. Bache, Superintendent of the U. S. Coast Survey.* 

It is proposed to give here in outline the results of an investigation 
' of the magnetic observations, made with the Declinometer between the 
years 1840 to 1845, at the Girard College observatory, with special refer- 
ence to the eleven year period in the amplitude of the solar-diurnal var 
nation and the disturbances of the magnetic declination. Prof. Henry, 
secretary of the Smithsonian Institution, has kindly offered to publish 
the memoir in full in the Smithsonian Contributions to Knowledge. It 
is my intention to pursue the discussion by taking up the investigation 
of the lunar influence on the same magnetic element. 

In cooperation with the scheme adopted at the British colonial ob- 
servatories, a series of magnetic and meteorological observations were 
made at the Girard College observatory with instruments purchased 
under the direction of the trustees of the college, the observations be- 
ing made under the patronage of the American Philosophical Society, 
and finally completed for the use of the Topographical Bureau of the 
War Department. These observations were made under my direction 
and superintendence. The series commenced in May, 1840, and, with 
short interruptions, terminated in June, 1845 ; thus i^imishing a five 
years' series of magnetic observations taken bi-hourly up to October, 
1843, and after that date hourly. The readings of each magnetic ele- 
ment were united into means, and were also presented graphically (in 
the fourth volume of the record). This was done under my direction 
by J. Ruth, Esq., but owing to other laborious duties, the record could 
not be submitted to a more complete reduction. I have now resumed 
the subject by the assistance of Charles A. Schott, Esq., Assistant in 



* Commanicated to the American Association for the Adyancement of Science, 
by authority from the Treasoxy Department. 
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the Coast Survey, by whom, under my immediate direction, and as my 
assistant in this special matter, the present paper has been prepared.* 

Although the magnetic observations furnish, by their judicious geo- 
graphical location, a basis for the generalization of their results, it is 
nevertheless desirable to obtain results from intermediate observatories 
as confirmations or as corrections. In the investigation of the disturb- 
ance law at Point Barrow, when compared with the same at Toronto, 
a very remarkable mutual relation of the law at these stations resulted 
from such a comparison, and further examination may bring to light 
other dependencies of a mutual character. 

According to the latest determination, the position of the Girard Col- 
lege observatory is in latitude 39° 58' 23" (north), and in longitude 75° 
10' 05" = 5»^ 00"* 40«.3 west of Greenwich. From it Toronto bears 
38° 45' west of north (true) and is distant about 334 statute miles. 

It is proposed specially to investigate the law of the eleven year pe- 
riod, or, as it is more frequently called, the decennial period, there 
being yet an uncertainty as to its precise length. It is supposed to 
hSve some direct or indirect connection with the solar spot period, 
which correspondence, according to late investigations by Prof. R. Wolf, 
is so close as to exhibit even analogous disturbances. The following 
discussion will afford a contribution towards the determination of the 
epoch of the occurrence of a minimum in certain phases of the mag- 
netic variation and disturbances, corresponding to a minimum of the 
solar spots. The method of reduction is substantially the same as that 
adopted by General Sabine. Earlier investigations by Dr. Lament 
and those by Mr. Kreil, differ from his in not including the discussion 
of the disturbances in connection with the period in question. 

As long as the magnitude of the deflection remains the only criterion 
by which a disturbance may be recognized as such, the adoption of any 
limit of deviation from the normal value of the same hour, month, and 
year, must necessarily remain in some measure arbitrary, or, in other 
woi^s, there must always remain afler the separation of the disturban- 
ces, a certain small amount of their effect in the remaining regular di- 
urnal progression. To effect the separation, Peirce's criterion has been 



* It may be proper to state that this work has been performed out of office hours, 
and at my own expense. 
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used with entire success. After a preliminary investigation as to the 
number of disturbances separated, the limit, as pointed out bj the cri- 
terion, or a deviation of 8 scale divisions (or 3'.6 of arc) has been 
adopted in the present discussion, as constituting a disturbed observa- 
tion. Accordingly all observations differing by that amount or more 
fix)m the mean monthly value of their respective hour were marked by 
a pencil line. Next a new hourly mean was taken, omitting values so 
marked, and each observation was again examined in reference to devi- 
ation from this new mean. This process was repeated when necessary, 
so that in all cases, values differing 8 scale divisions or more from the 
mean were excluded. The last mean thus obtained for each observing 
hour and each month has been called "the normal." These values 
have been tabulated and are given for each month and year separately, 
together with such corrections as the omissions or interruptions de- 
manded. The bi-hourly and aflerwards the hourly readings (and their 
means) were made 19^ after the hour, so as to correspond to an even 
Gottingen hour. 

For the purpose of comparing the annual means of the normals, ir 
the mean march of the regular solar-diurnal variation for each year, 
the results have been expressed analytically by means of Bessel's for- 
mula, and by the application of the method of least squares. 

Probably owing to the several accidental changes in the suspension 
of the bar, and consequent uncertainty in the precise amount of scale 
correction, the mean readings of each year, when compared with one 
another, exhibit differences not actually due to inequalities occasioned 
by declination changes. Though this question does not directly bear 
upon the present investigation, which mainly depends on differences 
of readings, it will be proper to remark that the observed increase giv- 
ing the weight ^ to the mean of 1840 and 1845 (on account of incom- 
plete record) is, under the supposition of a uniform annual change be- 
tween these years, equal to 4'.50. According to Mr. Schott's latest 
investigation of the secular change of the declination in Philadelphia, 
supported by observations between the years 1701 and 1855*7, the an- 
nual increase between the years 1840 to 1845 is 4^98, a result which 
accords tolerably well with actual observations. Accoi^ing to this 
formula, the declination on the 1st of January, 1843, the mean epoch 
of the present series, is 3° 32' west, with a probable error of ± 10'. 
This declination corresponds to the scale reading 560.31, which has 
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been deduced by taking into account the weights of the annual 
means. 

The expressions have been thrown into curves (Diagram A), and the 
agreement between computed and observed values is shown by the in- 
troduction of dots giving the observed reading. The probable error of 
any single representation is ± O'.l. By means of the formulae the fol- 
lowing values were computed : 



For 


Epoch of mazl- 

muai eastern 

deflection. 


Corresponding 
scale reading. 


Epoch of maxi- 
mum western 
deflection. 


Corresponding 
scale readings. 


Amplitude in 
arc. 


1840 
1841 
1842 
1843 
1844 
1845 


h. m. 
7 26 A. M. 
7 49 
7 36 
7 40 
7 32 
7 34 


d. 
595.67 
477.96 
571.24 
569.54 
556.50 
536.65 


h. m. 
1 34 P. M. 
1 49 
1 37 
1 24 
1 18 
1 16 


d. 
575.71 
560.21 
553.96 
553.06 
539.99 
517.81 


9'.08 
8.06 
7.83 
7.46m 

7.51 
8.53 


Mean, 


7 36 A. M. 




1 30 p. M. 







3m 



^a 



The inequality constituting the ten or eleven year period is plainly 
exhibited in the last column, the progression of the numbers being quite 
regular; the year 1843 is directly indicated as the year of the mini- 
mum range of the diurnal fluctuation. By means of a special formula, 
deduced by least squares, and representing a single value by zh O'.ll, 
the month of May, 1843, is indicated as the epoch of minimum ampli- 
tude. (Diagram B.) 

The discussion of the disturbances, as far as they bear on the decen- 
nial inequality, next follows, taking in also some collateral results. 

The total number of observations for changes of declination recorded 
and discussed amount to 24,566 ; of these, according to the preceding 
investigation, 2,357 were separated as disturbances. There is one dis- 
turbed observation in every 10.4 observations. The discussion of the 
disturbances are divided into two parts, that of the number, and that of 
the amount of the deflections. Omissions in the record have been sup- 
plied by the use of proper ratios showing the law as given by the full 
periods ; and interpolated values are enclosed by brackets. The num- 
ber of disturbances in each month of the year or the annual inequality 
in the distribution of the disturbances has been made out for each year, 
and the means and ratios ar^also given. The principal maximum oc- 
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curs in October (at Toronto in September), the secondary in April ; the 
two minima, nearly equal in amount, occur in February and June. (The 
first one in January at Toronto.) The ratios of the number of monthly 
disturbances to the average number are given in the following table 
showing the same, also divided into westerly and easterly values. 





BATIOS. 


Total. 




BATIOS. 


Total. 


w. 


E. 


W. 


B. 


January, 

February, 

March, 

April, 

May, 

June, 


1.27 
0.70 
0.83 
0.95 
0.55 
0.44 


0.42 
0.46 
0.57 
0.80 
0.60 
0.61 


0.77 
0.52 m 
0.68 
0.91 M2 
0.58 
0.53 m 


July, 

August, 

September, 

October, 

NoTcmber, 

December. 


0.58 

2.00 M 

0.93 

1.58 

0.96 

1.21 


1.18 

1.14 

1.86 

2.50 M 

1.12 

0.74 


0.86 

1.59 

1.36 

2.12 M 

1.08 

1.00 


Mean, 


1.00 


1.00 


1.00 



The ratios show a general correspondence in the numbers of westerly 
and eastern deflections. The westerly seem to occur most frequently in 
August, while the easterly predominate in October; the secondary 
maximum of both series is in April. For the total number, the mini- 
ma occur in February and June. The following table contains the 
number of disturbances in each year. 



1840 


483 


1841 


539 


1842 


446 


1843 


275 


1844 


308 


1845 


264 



Weight, J. 

Weight, f . 
Weight, J. 



Proportional number of western 
disturbances 937, of eastern 912 ; 
at Toronto the eastern predomi- 
nate over the western in the pro- 
portion of 1.17 to 1. 



These numbers do not indicate the law of the eleven year period as 
plainly and systematically as found by the investigation of the diurnal 
amplitude, yet giving proper weight (on account of deficiencies), the 
minimum number of disturbances falls in the year 1842. 

If we distribute the disturbances, 1,943 in number, for the even 
hours, according to their respective hours of occurrence, we find the 
following ratios : 



PHTSICS OF THE GLOBE. 



253 





BATIOS. 




Philadelphia 






Total 


mean time. 






number. 


W. 


E. 


h. m. 








19^ 


0.82 


1.20 


162 


2 " 


1.18 


1.16 


189 M. 


4 " 


1.08 


0.96 


168 


6 " 


1.35 


0.80 


173 


8 « 


1.29 


0.70 


161 


10 " 


1.32 


0.88 


178 


Noon " 


1.13 


0.71 


150 


14 " 


0.95 


0.67 


133 m. 


16 •' 


1.07 


0.78 


148 


18 " 


0.87 


0.90 


143 


20 " 


0.40 m. 


1.66 M. 


167 


22 " 


0.54 


1.58 


170 



The numbers in each column show a regular progression ; the dis- 
turbances, irrespective of their direction, have a minimum at 2 p. m., 
and a maximum at 2 A. m. (At Toronto the respective hours are 2 
p. M., and 22 p. m.) The principal contrast is between the hours of 
the day and the hours of the night. In the table given above, the most 
striking result is that the westerly disturbances have their minimum 
precisely at the hour (8 p. m.) when the easterly have their maximum, 
and the exact coincidence of this result with that deduced by General 
Sabine for Toronto is not less remarkable. In connection with this 
subject, it may be remarked, that the same distinguished magnetist 
found a singular mutual relation to subsist between the phenomena at 
Toronto and Point Barrow, on the shore of the Arctic sea, — the law 
of the easterly deflection at one station being found to correspond at 
the same local hours with those of the westerly deflections at the other 
station, and vice versa. This contrast, therefore, holds good for Phila- 
delphia as well as Toronto. 

If we classify the disturbances according to their amount, we obtain 
the total aggregate and mean values of a single disturbance in the 
different years, as follows : 
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J^ggf^^ amount 
in scale diviaiona. 


Mean 
Talae. 


Mean yalae. 


W. 


E. 


1840 
1841 
1842 
1843 
1844 
1845 


d. 

7155.5 
7844.4 
6019.1 
2932.2 
4227.3 
3521.4 


6.70 
6.61 
6.11 
4.85 
6.21 
6.02 


6.52 
5.93 
5.53 
4.85 
6.21 
5.25 


7.20 
7.07 
6.70 
4.85 
6.21 
6.84 



The eleven year period is well marked in the aggregate, as well as 
in the mean values, and the precise epoch of the minimum was found 
bj a special formula. It took place in August, 1843, and as a resulting 
epoch from this and the previous determination, June, 1843, may be 
adopted. This is graphically represented on diagram C. 

The following table gives the ratios of the aggregate amount of dis- 
turbances in each month of the year. 





TotaL 


W. 


E. 




TotaL 


W. 


£. 


Jannaiy, 


0.72 


1.21 


0.33 


July, 


0.87 


0.46 


1.29 


February, 


0.54 in2 


0.59 


0.46 


August, 


1.61 


1.95 


1.28 


March, 


0.66 


0.73 


0.56 


September, 


1.56 


0.99 


2.12 


April, 


0.94 Ms 


1.04 


0.84 


1 October, 


2.06 Ml 


1.67 


2.46 


May, 


0.56 


0.52 


0.56 


November, 


1.06 


1.09 


1.02 


June, 


0.42 mi 


0.37 


0.47 


i December, 

1 


1.00 


1^8 


0.61 



In reference to the first column, the mayimum amount of disturb- 
ances occurs in October (at Toronto in September) ; the minimum in 
June (as at Toronto) ; the secondary maximum occurs in April (the 
same at Toronto) ; the secondary minimum occurs in February (and at 
Toronto in January). If separated into west and east deflections, max- 
ima occur in September (mean of August and October) and April, and 
minima in June and January (same as at Toronto). 

The arrangement according to the hours of the day gives the follow- 
ing ratios, to which is added, in the last column, the diurnal disturbance 
variation obtained by dividing the excess of aggregate westerly over 
easterly values by the total number of days of observation. 
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Philadelphia 
mean time. 


hatios. 


Disturbance 
variation in aro. 


w. 


B. 


Both 
combined. 


h. m. 

(19J) 
2 

4 " 
6 " 
8 " 
10 " 
Noon " 
14 " 
16 " 
18 " 
20 " 
22 " 


0.83 

1.16 

1.16 

1.46 

1.39 

1.22 

1.03 

0.98 

0.99 

0.84 

0.38 m 

0.56 


1.24 

1.10 

0.92 

0.67 

0.67 

0.77 

0.63 

0.63 

0.72 

0.89 

1.88M 

1.88 


1.04 

1.13 

1.04 

1.06 

1.02 

0.99 

0.83 

0.80 m 

0.85 

0.84 

1.15 

1.25 M 


— 0.16 

— 0.01 
H-0.05 
+ 0.24 
+ 0.22 
+ 0.13 
+ 0.11 
H-0.10 
H-0.07 

— 0.02 

— 0.53 

— 0.47 



If we compare these ratios with the corresponding number in a pre- 
ceding table showing the bi-hourly distribution in regard to number, we 
find, irrespective of the direction of the deflections, the 2 p. m., mini- 
mum preserved. The maximum is earlier, and occurs at 10 p. m. 
(At Toronto these hours are respectively 1 p. m., and 9 p. m.). At 
Philadelphia as well as at Toronto the ratios are nearly invariable from 
10 A. M., to 6 p. M., and again from 8 p. m., to 8 A. m. The easterly 
maximum and westerly minimum at 8 p. m. form a marked feature. 

The law governing the disturbances during a solar day is clearly 
shown, and is of a systematic character. The diurnal variation caused 
by the disturbances, if superposed on the regular diurnal variation, 
would produce what is known by the name "mean diurnal variation." 
If we plot the disturbance curve on the same scale, or actually super- 
pose it on the curves of the regular diurnal variation, it would hardly 
show to the eye, and the compound curve of the mean variation would 
keep within the maximum distance of a division from the regular curve 
in the diagram (D). The disturbance variation has but one maximum 
and one minimum. Its most prominent feature, is the easterly deflec- 
tion at eight o'clock (-j- 19^°^) p. m. (at Toronto it is at 9 p. m.) ; the 
maximum deflection amounts at that hour to 82^' of arc (and to 45^ at 
Toronto). The greatest westerly deflection occurs at 6** (19^™) A. m., 
and amounts to but 14". (At Toronto the hour is 8 A. m., with 6", and 
from a five years' series of observation, with 81" of deflection.) The 
range of the disturbance variation equals 46". From three in the 
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morning till five in the afternoon, the mean effect of the disturbances is 
to deflect the north end of the magnet to the west, and during the re- 
maining hours (principally night hours), to the east. The westerly and 
easterly disturbance deflections, during a day, balance within 0^02. 

The annual inequality in the amplitude of the diurnal disturbance 
variation cannot satisfactorily be shown, on account of the short and 
partly interrupted series of observations. 

It is my intention to continue the discussion of the observations made 
at the Girard College observatory. 



After the above was written, No. 1185 of the Astronomische Nach- 
richten came to hand, containing Prof. R. Wolf's interesting results 
on the close connection of the variation in the frequency of the solar 
spots, and the corresponding inequality in the amplitude of the diurnal 
variation of the declination. He deduces for Munich the simple for- 
mula ^= 6'.273-|-0'.051 a, where a represents a relative number ex- 
pressive of the frequency of the solar spots, directly derived from ob- 
servation, and ^ the amplitude of the diurnal variation. He found a 
close correspondence between these phenomena, showing the observed 
and computed amplitude for the Munich observations between 1835 
and 1850. The average length of the solar spot period is reaffirmed 
to be 11.11 years +0.04 years. For Philadelphia we obtain 
|5=7'.080-|-0'.039 a, which formula represents the observation as 
follows. 



Year. 


a fh>m Bolar 
spot observations. 


Amplitude de- 
rived from a. 


Observed 
amplitude. 


DlfiFerenob. 


1840 


51.8 


9.10 


9.08 


/ 
— 0.02 


1841 


29.5 


8.23 


8.06 


— 0.17 


1842 


19.2 


7.83 


7.83 


0.00 


1843 


8.4 


7.41 


7.46 


+ 0.05 


1844 


12.2 


7.55 


7.51 


— 0.04 


1845 


32.4 


8.34 


8.53 


-1-0.19 



The correspondence between the observed diurnal amplitude, and the 
same computed from observations of the solar spots is further exhibited 
in the annexed diagram (E). The dotted curve is the approximate 
Toronto curve from observation, especially introduced to show the 
agreement at the epoch of the maximum in 1848. By computation 



PHYSICS OF THE GLOBE. 257 

from the solar spot observations, the amplitude at that time would 
amount to 1 1'.OO, the whole range of the inequality of the diurnal va- 
riation would therefore be 1 1'.OO — 7'.46 = 3'.54. 

It is much to be desired that this interesting branch of physical in- 
quiry be further studied, as it forms one of the links connecting terres- 
trial with cosmical phenomena. 



2. Gulp Stream Explorations — Third Memoir. — Distribu- 
tion OP Temperature in the Water, op the Florida 
Channel and Straits. By A. D. Bache, Superintendent U. 
S. Coast Survey.* 

The results of the explorations of the Gulf Stream in the survey of 
the coast, have been communicated to the Association from time to 
time, as phenomena of peculiar interest have been developed. The 
original plan of these explorations having been carefully studied 
and having proved successful, has steadily been adhered to. The 
more recent observations have been directed to that part of the stream 
between Havana and Cape Florida, known as the channel and strait 
of Florida. 

I have now to present four sections, showing the depth and tempera- 
ture in this most important region of the Gulf Stream. These results 
are from the observations of Commander B. F. Sands, and Lieut. 
Comg. T. A. Craven, U. S. Navy, Assistants in the Coast Survey, 
whose names have already been mentioned before the Association in 
connection with explorations of the Gulf Stream, and furnish a suffi- 
cient guaranty that the results have all the reliability which care, expe- 
rience, and zealous labor could give them. 

Section No. 1, from Cape Florida to Bemini, was run by Lieut. 
Comg. Craven in May, 1855 ; section No. 4 by Commander Sands, 
in May, 1858 ; and sections Nos. 2 and 3 by Lieut. Comg. Craven, 
in April and May of the present year — 1859. Sections 2, 3, and 4 
are perpendicular to the direction of the stream at distances of about 



* Commanicated by authority of the Treasury Department. 
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jifrr- ore hr*Tiiir»id, and tw^o h. imir'iti aiiaiti nrrim C<ice Flcritla^ Tlie 
Ene% of .<4rfi*!tlr>tw sure .^hown a3»-ia clie ciiaru majketi JL Xae Floriila 
atraic w f;innf;i-ehap«>ii^ beiri^ ahoar ninety aiiles wiile at IlaTaiia^ and 
abo«:jt torty-fi^-ft mlie* wiiie ai; Cape FlcriiLk — :^e narrovesc part. 

Torm of BijttijnL, 

Thft aT<^ of the water waj and the tona of the botrom are repre- 
tentf-A fjm dlsL^rrvLiiL^ 7, 8, ^^ and 10. The Arabic iiam»imL§ at the top 
Tf^tf^^Tit di^tanc^ from the Florida coast (zhe Kej5j in. miles* and the 
Roman n-irneraU iFie position* at which ob^iervailoos were made. The 
Bombfrr? at the left hand represent the deprh in fSuhoms. 

0>»mmencing at the Cape Florida secrloo, it wiH be seen that 
there w a deaeent of the bottom to the Havana section, fom three 
hundred and fiftj fathoms to eight hundred fathoms, or twentv-seTOi 
honored feet in a distance of two hundred miles. The most shallow as 
well a% the narrowest part of the stream is, therefore, at Cape Florida. 
The deepest water follows the coast of Coba and the Grand Bank^ 
the depth being eight hundred fathoms at a dL^tance of only five miles 
from Havana, nearlj foar hondred fathoms within five miles of Salt 
Kej Bank, and three hundred fathoms close to the island oi BeminL 
Tlie descent from the Florida side is, for the most part, gradual, bat 
from the Of^posite side abrupt. This efiect seems to have been pro- 
duced hy the action of the sub-current in wearing a deeper channel 
upon the concave side of the stream. 

At Havana there is an abrupt descent of nearlj a mile within fire 
miles of the shore, while on the side of the Tortugas and Kej West, 
the water is coinparatively shallow, and the descent graduaL This £act 
goes to confirm the conclusion that the stronger current of the Gulf 
Stream makes the circuit of the Gulf of Mexico, since, if it impinged 
directly upon the islands of Key West and the Tortuga.^ we should 
find its effects in the wearing of a deeper channel on that side. 



TEMPERATUBES. 



Change of Temperature with Depth. 

In a former communication the law of change of temperature with 
depth was discussed, and types of the curves representing the law were 
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given for different parts of the stream. These curves were all nearly 
modifications of a more general form. Thus, the cold water between 
the Gulf Stream and the coast gave one form ; the axis of the stream 
another ; and the water beyond the axis a third form : while in the 
strait of Florida a fourth was developed. It would be natural to ex- 
pect in the course of many years' explorations by different individuals 
with different instruments, not even of the same class, that general phe- 
nomena of this character should present some contradictions and some 
inexplicable results. Experience, however, has confirmed the first con- 
clusions and the constancy of the phenomena. It is not difficult, hav- 
ing the curve representing the temperatures at any position from the 
surface to the depth of several hundred fathoms, to determine from the 
temperatures alone, in what part of the stream they were taken. 

Temperature in a direction perpendicular to the Stream. 

Diagrams 2, 3, 4, and 5, show the changes of temperature for the 
same depth in each of the sections, and diagrams 7, 8, 9, and 10, the 
depth for the same temperature. 

Bands of warm and cool Water, 

In the section from Cape Florida to Bemini, the division of the 
stream into bands is plainly exhibited, though more faintly than in the 
northern sections, and the form of the bottom in this section shows also 
elevations and depressions corresponding to the divisions. In the sec- 
tions south of Cape Florida, all traces of the bands seem to disappear 
as well as the ridges of the bottom. The bands, therefore, seem to 
have their origin near Cape Florida, and the conclusion stated some 
years ago as the probable one is strengthened, that they are caused by 
the ridges and valleys of the bottom parallel to the general course of 
the stream, and along which the stream and counter-stream have their 
course. 

The Cold Wall 

The cold wall, as an exception to the remark made above in refer- 
ence to the bands, is traced as far as the Tortugas, and is plainly shown 
in all the sections with more or less distinctness. In the Sombrero 
Key section (No. 3) it is strongly marked at depths ranging from 
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seventy to a hundred fathoms, while in all the sections the warm 
water at the surface overflows the cold wall and reaches quite to the 
shore. 

Diagram No. 6 represents the comparative curves of the cold wall in 
different sections of the Gulf Stream, including those in the straits of 
Florida. The figures at the top show the distances of the cold wall 
from the shore in the different sections, and the numbers on the left 
the degrees of temperature. The curves are drawn for different depths 
in the several sections, as shown in the notes at the bottom of the dia- 
gram. The curves ^, ^, t, k represent the cold wall in the four sec- 
tions under consideration. 

Longitudinal Sections. 

It has been found very difficult to deduce any satisfactory law for the 
decrease of surface temperature along the axis of the stream owing to 
the variability of the temperature of the waters of the regions from 
whence the Gulf Stream is supplied. 

Two modes of investigating the subject have been pursued, one by 
following the stream from the Gulf of Mexico and making l^urly obser- 
vations of the temperature of the water, and the other by comparing 
the mean temperatures of the various sections with each other, and 
with the temperature of the Gulf of Mexico. In the first method, the 
vessel must be allowed to drift with the current of the stream, a difficult 
condition except in the best weather, even for a day, and to float along 
thus for hundreds of miles would rarely be practicable. Any motion 
communicated by sails or by steam must carry the vessel beyond the 
water in which she commenced her voyage, and the lateral overflow 
carries the water constantly from the axis towards the edges of the 
stream. 

In the comparison of mean temperatures of the different sections, the 
fact has been established, that the temperature of the water of the 
stream at any point, may be higher than at a point nearer the source, 
and hence, vessels in running along the stream may and generally do 
pass through water not of a constantly diminishing temperature, but 
from cool to warm, and the reverse. This is to be explained mainly, 
though not entirely, by the variability of temperature at the source. 
By taking the mean temperature of any one section, and going back 
to the date of the departure of the waters from the Gulf of Mexico, aa 
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determined by the velocity of the stream, and comparing the tempera- 
tures observed, with the temperature of the Gulf waters, it was sup- 
posed that a solution of the question might be obtained. The temper- 
atures were taken from the most authentic meteorological records of Ihe 
Gulf for a series of years, and those periods sought which corresponded 
to the dates desired. The uncertainty of the temperatures of the wa- 
ters of the Gulf of Mexico, as obtained from air temperatures taken 
here and there along its shores, rendered the results unsatisfactory. 
Enough seems to have been determined, however, to show that the 
surface temperature of the Gulf Stream along its course is variable ; 
that a vessel sailing along the axis at a more rapid rate than the motion 
of the stream will pass through water of higher and lower temperature, 
depending generally upon two conditions, namely, the distance from the 
Gulf of Mexico, and the temperature of the Gulf at the time the wa- 
ter entered the straits of Florida ; and further, that the latter cause is 
the predominating one in the parts of the Gulf Stream adjacent to the 
Atlantic coast where the current is rapid. 

The influence of the form of the bottom in forcing the cold counter- 
current of the bottom upward, has been adverted to, and the fact ap- 
pears to be well established in the cross sections where the ridges and 
valleys parallel to the direction of the stream separate it into bands of 
warmer and cooler water, and this conclusion, as has just been stated, 
is strengthened by the fact that the bands and ridges simultaneously 
disappear south of Cape Florida. This phenomenon is moreover strik- 
ingly exhibited in the longitudinal section of the bottom, in connection 
with the lower temperatures. 

The shallowness of the stream in the strait of Florida, connected 
with the fact that the bottom falls off rapidly to the north and south, af- 
forded an excellent opportunity for testing this question. If the cold 
water of the under polar current follows the bottom, it should appear 
in the shallow part of the strait, and here the warm water of the sur- 
face, and the cold water of the bottom, would approach each other. Di- 
agram No. 1 shows the curves of 40°, 45°, and 50° (bottom tempera- 
tures) along the deepest part of the stream, commencing at Sandy 
Hook, and running as far as the Tortugas. All these curves rise with 
the bottom and pass over the ridge which divides the bed of the Atlan- 
tic from that of the Gulf of Mexico, and again fall with the slope of 
the bottom towards the Gulf. In the narrowest part of the stra 
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where the depth is three hundred and fifty fathoms, the temperature 
from the surface to the bottom, ranges between 80° and 40°. 

On the Effects of Pressure on. Saxton's Deep-Sea Thermometer. 

In the exploration of the Gulf Stream, the temperatures below one 
hundred fathoms have mostly been* determined by Saxton's metallic 
thermometer, and although the results have been consistent among 
themselves, and have agreed well with the indications of other ther- 
mometers, yet it was thought advisable to determine the effect of press- 
ure by direct experiment. 

Saxton's thermometer consists essentially of a compound ribbon of 
silver and platinum fused and pressed together by rollers. This rib- 
bon is wound in a spiral form, one end of the spiral being firmly fast- 
ened to an interior solid axis and the other left free. Upon the free 
end is placed an index arm which moves over a circular graduated 
scale carrying with it a friction hand or indicator which is left at the 
extreme point of the arc reached by the true index. The instrument 
is enclosed in a case to which the water is freely admitted. A varia- 
tion of temperature is immediately noticed, as the effect is to give a ro- 
tary motion to the index. 

The experiments to determine the effect of pressure were made at 
my request by Mr. J. M. Batchelder with means devised by Mr. 
Thomas Davison at the Novelty Iron Works. The following de- 
scription of the apparatus employed is given by the last named gentle- 
man. 

" The gauge consists of a brass cylinder H, about eight inches long, 
into which a steel plunger is fitted, the upper part of the plunger at A 
being .70 of an inch in diameter, and the lower at B about .786, so 
that the difference in area of the ends is equal to one tenth of a square 
inch. The cylinder is bored out a little larger than the plunger except 
for about a fourth of an inch near each end at and D where both are 
accurately fitted. To the branch JS a pipe connects, communicating 
with the hydraulic cylinder and leading the water into the centre of 
the gauge, which it reaches after passing through the chamber ^ filled 
with sponge to prevent any impurities in the water from reaching the 
plunger. The upper end of the plunger connects by a wire IF, to a 
spring as shown in the sketch at G, so constructed as to indicate press- 
ure from to 455 lbs., the spring being so strong that 450 lbs. produce 
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a movement of the plunger equal to three eighths of an inch. It is 
evident that as the difference in area of the ends of the plunger is one 
tenth of an inch, one hundred pounds pressure from the water on this 
surface, as indicated by the balance, would equal a pressure of water 
of one thousand lbs. per inch, or a pressure ten times as great as that 
indicated bj the balance throughout its scale. The only difficulty in 
the use of the gauge is that of fitting the plunger to the cylinder so 
that while it is perfectly free to move, it is also water tight. This dif- 
ficulty however has been overcome, and much advantage was also de- 
rived from Mr. Batchelder's suggestion for supplying the wear of the 
plunger and cylinder by depositing brass on the plunger through the 
galvanic process." 

Connected with this gauge by a pipe is a strong wrought iron cylin- 
der, sixteen inches long by four inches in diameter, in which the ther- 
mometer was placed, the opening being firmly closed by a screw plug. 
This second cylinder was immersed in a tub of water for the purpose 
of regulating the temperature. The thermometer once placed in the 
cylinder, is not again removed, the index being read by means of a 
mirror until the observations are completed. 

By the use of this apparatus the effect of pressure up to four thou- 
sand lbs. per square inch was observed upon two thermometers, and the 
results are given below. The observations were made to indicate the 
effects of 500, 1,000, 1,500, 2,000, 2,500 lbs. pressure, etc. Seven series 
of experiments were made with thermometer No. 5, and five series 
with No. 10. The mean results show that a pressure of 1,000 lbs. per 
square inch has no effect upon the thermometer; at 1,500 lbs. the effect 
is less than one degree; and from 1,500 to 4,000 lbs. per square inch, 
the effect is to diminish the readings — the maximum effect being seven 
degrees. 

The diagram exhibits the law of diminution by increase of press- 
ure, and the depth corresponding to different pressures. The correc- 
tion to be applied varies with the depth. For thermometer No. 5 it is 
only four tenths of a degree Fahrenheit at the depth of 600 fathoms. 
For thermometer No. 10, it is one degree at the same depth. At 1,500 
fathoms the corrections are respectively five and a half and seven de- 
grees. 

Nearly all the temperatures observed in the Gulf Stream have been 
taken at depths less than 600 fathoms. 
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Table, showing Differences of Headings of Saxton's Thermoueter 
Under Pressure, and Free from Pressure. 

Thermometer No. 5. 







PRESSURE 


IN POUNDS. 




No. of 
eoricfl. 


















■ 






1500 
10.6 


2000 


2500 


3000 


3500 
00. 


4000 


1 


oo. 


30.75 


00. 


00. 


2 


0. 


1.00 


2. 


2.8 


4.5 


5.5 


3 


0. 


1. 


2.25 


3.75 


4.75 


5.7 


4 


0. 


0.5 


0.50 


2.0 


3.6 


5.5 


5 


0. 


1.75 


2.25 


3.5 


5.0 


6.5 


6 


0. 


1.25 


2.25 


3.75 


6.0 


6.5 


7 
Means. 


0.5 
0.3 








3.5 
4.5 


4.25 


1.1 


2.1 


3.2 


5.6 



Tliermomeier No. 10. 



No of 
scries. 




PRESSURE 


IN POUNDS. 




1500 

10.0 

2.0 

0.75 

1.75 

.75 

1.00 


2000 ' 2500 


3000 

4''.5 

4.5 

3.25 

4.75 

3.75 

4.25 


3500 

60.25 

6.0 

5.5 

5.5 

5.0 


4000 


1 
2 
3 
4 
5 


20.0 30.25 
1.0 3.5 
2.0 3.0 
2.0 3.5 

1.75 1.75 

i 


80.25 

7.25 

6.5 

7.25 

6.75 


Means. 


1.75 3.0 


5.6 


7.25 



3. Abstract of the principal Results of the Observations for 
Temperature, at Van Rensselaer Harbor, North Green- 
land, made by the Second Grinnell Expedition, under 
Command of Dr. E. K. KLvne, U. S. N., during 1853-54-'55. 
Presented by Prof. A. D. Bache, from a reduction and discus- 
sion by Chas. a. Schott, Assistant Coast Survey.* 

The series of hourly observations commenced with September, 1853 
and is continued with but few exceptions to January 24, 1855 ; monthly 



* For the complete paper, see Smithsonian Contributions to Enowledj]^, Vol. XI. 
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Table, showing Differences of Eeadinos of Saxton's Thebmometbb 
Under Press use, and Free from Pressure. 

Hiermometer No. 5. 







pressure 


IN POUNDS. 




No. of 










series. 














1500 


2000 


2500 


3000 


3500 


4000 


1 


10.6 


0°. 


30.75 


0°. 


0°. 


0°. 


2 


0. 


1.00 


2. 


2.8 


4.5 


5.5 


3 


0. 


1. 


2.25 


3.75 


4.75 


5.7 


4 


0. 


0.5 


0.50 


2.0 


3.6 


5.5 


5 


0. 


1.75 


2.25 


3.5 


5.0 


6.5 


6 


0. 


1.25 


2.25 


3.75 


6.0 


6.5 


7 


0.5 








3.5 


4.25 


Means. 


0.3 


1.1 


2.1 


3.2 


4.5 


5.6 



TJiermometer No. 10. 



No of 
series. 


PEF.SSURB IN POUNDS. 


1500 


2000 


2500 


3000 


3500 


4000 


1 
2 
3 

4 
5 


10.0 

2.0 
0.75 
1.75 
.75 


20.0 

1.0 

2.0 

2.0 

1.75 


30.25 

3.5 

3.0 

3.5 

1.75 


4'».5 

4.5 

3.25 

4.75 

3.75 


60.25 

6.0 

5.5 

5.5 

5.0 


80.25 

7.25 

6.5 

7.25 

6.75 


Means. 


1.00 


1.75 


3.0 


4.25 


5.6 


7.25 



3. Abstract of the principal Kesults of the Observations for 
Temperature, at Van Rensselaer Harbor, North Green- 
land, made by the Second Grinnell Expedition, under 
Command op Dr. E. K. Ejlne, U. S. N., during 1853-54-'55. 
Presented bj Prof. A. D. Bache, from a reduction and discus- 
sion by Chas. a. Schott, Assistant Coast Survey.* 

The series of hourly observations commenced with September, 1853 
and is continued with but few exceptions to January 24, 1855 ; monthly 

* For the complete paper, see Smithsonian Contributions to Knowledge, Vol. XI. 
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November, and a maximum (9^.09^ in ApriL The mean diurnal am- 
plitude is 4^.20 for the whole year ; and on the average amounts stall 
to 1°.6 during the long arctic night (Diagram No. 2.) The follow- 
ing table shows the mean diurnal variation during the whole year. 



Hour. 


DIomal 
Tarlation. 


Hoarlj 
diSerence. 


Hour. 


Binmal 
TUJatlon. 


Hourly 
cUfEsrence. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Noon 


o 

— 1.79 

— 1.74 

— 1.71 

— 1.55 

— 1.28 

— 0.90 

— 0.45 
+ 0.17 
+ 0.74 
+ 1.06 
+ 1.43 
+ 1.81 


— 0.05 
0.03 
0.16 
0.27 
0.38 
0.45 
0.62 
0.57 
0.32 
0.37 
0.38 

— 0.06 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Mdn't 


o 
+ 1.87 
+ 1.90 
+ 1.68 
+ 1.40 
+ 1.11 
H-0.73 
+ 0.29 

— 0.16 

— 0.56 

— 1.02 

— 1.41 

— 1.64 


— 0°03 
+ 0.22 
0.28 
0.29 
0.38 
0.44 
0.45 
0.40 
0.46 
0.39 
0.23 
+ 0.15 


+^°;:i't«'»««- 



The mean diurnal variation has been expressed as follows: — 
t — +r.S5 sin (^ + 65°) + 0^08 sin (2(? + 97°) + 0^03 sin 
(3d + 128°) + 0°.03. The angle 6 is reckoned from noon. The hours 
of the day when the mean temperature is reached^ as well as the criti- 
cal interval. 



Month. 


Momhig hour. 


EreniDg hour. 


Orltleal 
interral. 


September, 

October, 

November, 

December, 

January, 

February, 

March, 

April, 

May, 

June, 

July, 

August. 


7.4 
Uncertain, prob- 
ably one near3h, 
the other near 
9^. 

8.9 

8.5 

8.4 

6.9 

6.7 

7.6 

7.9 


« 

18.4 

17.1 
^Uncertain, one J 
> near 15h, the > 
) other near 21i». ) 

21.4 

19.1 

20.7 

20.2 

20.7 

19.1 

19.8 


h; 
11.0 
11.1 

12.0 

12.5 
10.6 
12.3 
13.3 
14.0 
11.5 
11.9 


Means, 


7.2 


19i! 


12.0 



-f-^ 
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Likewise tlie absolute hourly, daily, and monthly changes have been 
tabulated for each month of the year. 





Hourly. 


Sally. 


Monthly. 




Hourly. 


Daily. 


MonUily. 


Sept. 

Oct. 

Nov. 

Dec, 

Jan. 

Feb. 

March, 

April, 

May, 


o 

7.0 

8.0 
10.8 
19.4 

8.1 
12.3 
13.5 
10.0 

7.8 


o 
15.6 
24.1 
25.0 
30.4 
21.8 
37.8 
24.1 
33.1 
17.8 


o 
32.3 
41.0 
42.8 
60.5 
69.8 
56.4 
56.7 
56.7 
46.5 


June, 

July, 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 


o 

8.0 

8.0 

8.0 

16.0 

11.0 

11.0 

16.7 

18.9 


o 
15.0 
14.6 
20.8 
24 
25.0 
32.0 
41.1 
35.6 


o 
24.2 
23.0 
29.8 
36.0 
61.0 
54.9 
52.9 
81.6 


Means, ' 


11.4 


25.7 


48.6 



The absolute minima of temperature observed were — 66*^.4 on 
February 5, 1854, and — 65^.5 on January 8, 1855. The absolute 
maximum (in shade) was 4-51^.0 on July 23, 1854. 

The mean njonthly temperatures from September, 1853, to April, 
1855, both inclusive, were next tabulated. 





o 




o 


1853-1854, Sept. 


-f 13.45 


1854-1855, March, 


— 34.88 


Oct. 


— 3.58 


April, 
1854, M.ay, 


— 10.35 


Nov. 


— 21.95 


+ 13.45 


Dec. 


— 31.12 


June, 


+ 30.12 


1854-1855, Jan. 


— 28.22 


July, 


+ 38.19 


Feb. 


— 26.43 


Aug. 


+ 31.82 



It is shown graphically in diagram No. 3, how the regularity in the 
increase of temperature during the summer months contrasts with the 
irregularity of the winter months. The month of July is the hottest 
(-|-38°.19), and the month of March the coldest (— 36^.79). In the 
second winter, December ( — 36^.79) was the coldest: range, 73^.1. 
The mean winter temperature is — 28°.59 ; for spring, — 10°.59 ; for 
summer, -f- 33**.38 ; for autumn, — 4°.03 ; and for the whole year, 
— 2°.46 ; this mean temperature is reached in April and October. 
Comparisons are made between the temperatures of corresponding sea- 
sons. Some small corrections to the mean monthly temperatures were 
introduced for inequality in the length of the months, which gave for 
the annual mean — 2^.20. These monthly means were then represented 
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analTticallj by means of a parabolic curve, witli variable parameters, 
the formula representing that part of the annual variation which lies 
between March and November generally within a fraction of a degree. 
The annual variation has likewise been expressed by the usual formula^ 
namely, T = — 2^20 + 35^39 sin (^ + 251°.43') + 6°.72 sin 
(26 + 69*^.470 = 3^.20 sin (3^ + 17°) ± 1^.6. The angle reckon- 
ing from the first of January. The warmest day is accordingly July 
8th, and the coldest, March 1st ; the mean temperature of the year 
is reached April 29th and October 12th. 

The influence of the winds on the temperatures is next investigated. 
By means of the analytical expressions, a table of hourly mean tem- 
peratures was constructed, and the same compared with the hourly ab- 
stract of observed temperatures, the difference being inserted in the 
column corresponding to the direction of the wind observed at the same 
hour. The separate values for the excess or defect in temperature over 
the mean temperature for each of the eight principal directions of the 
wind were thus obtained, including also a column for calms. It was 
found that winds generally tend to elevate, and that calms depress, the 
temperature. The frequency of calms is greater than that of all the 
winds combined. The difference in the temperature of the warmest 
and coldest winds is 2^.8. The bearing of this investigation on an 
open (or partially open) polar sea can only be fully made out after 
the construction of a hygrometric and barometric wind-card. The 
direction of the warmer winds points towards the Spitzbergen sea, and 
the relative colder winds come in a direction from the northernmost part 
of continental America. The elevating effect on the temperature of 
S. E., S., and S. W. gales has generally been referred to. S. E., S., 
and S. W. (magnetic) winds are from 0°.6 to 1°.4 above, and N. and N. 
W. (magnetic) winds 1°.4 below the mean temperature ; the magnetic 
variation is 108° west, making the first named directions N. N. E. and 
E. S. E. (true). 

The difference between the observed and mean temperatures of all 
hours during which snow (or rain) fell were likewise made out for each 
month of the year. These hours are warmer, on the average, in the 
winter months by 13° than the corresponding mean temperature, the 
numbers decreasing regularly from winter to summer, and reversing in 
June to — 1°. On the average during the year, the sensible heat dur- 
ing precipitation was 7°.7 above the mean temperature. In seventeen 
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months it snowed during 680 hours and rained during 60 hours. Snow 
fell in all months of the year, but rain only in July. 

The returns of maxima of cold during winter were next investigated. 
These fluctuations of temperature, taking weeks to perform their cycles, 
attracted Dr. Kane's particular attention, and he seemed to be inclined 
to consider the phases of the moon as intimately connected with the 
subject. It was found that the full moon season, with cloudless nights, 
was in correspondence with the lowest mean temperatures. The march 
of the mean diurnal temperature (means of six consecutive days each) 
together with a curve expressive of the number of hours during which 
snow fell, and another curve representing the amount of transparence 
of the atmosphere during the same interval, are presented graphically 
for the two winters. The resulting period for the recurrence of cold 
was found = 27^.7 + 1*.0 ; the same was compared with the synodic 
period of the moon. The mean amplitude of the wave is 19^.8. The 
analysis of these fluctuations is then entered into, and it was found that 
a maximum cold is produced by a concurrence of the time of full moon 
with a perfect calm and a high degree of transparency of the atmos* 
pherc, while on the contrary a minimum of cold was produced by the 
concurrence of the time of new moon with a continued fall of snow, 
a generally obscured atmosphere, and winds from a direction between 
N. N. E. and E. S. E. (true), and it is stated as being desirable that 
the apparent connection of the lunar phases with the transparency and 
obscurity of the atmosphere should be further investigated. In accord- 
ance with Prof. Dove's investigation in reference to a return of cold 
about May eleventh, it was found that on May 13th (1854), the mean 
temperature was depressed 9°.3. 

A table of hourly corrections for periodic variations was constructed 
and arranged precisely like similar tables prepared by ProP. Guyot, 
and published by the Smithsonian Institution. The hours 7, 2, and 9, 
as adopted by the Institution, give the annual mean, even for this re- 
mote station, within 0^.81 ; the same hours with the last taken twice, 
give it within 0°.09 ; the Royal Society hours come within 0°.02 ; while 
the hours 6, 2, and 10, and likewise 8 and 8 and 10 and 10, seem to 
produce the closest approximations. 

For the investigation of the solar radiation, hourly readings of the 
black bulb thermometer, together with numbers expressive of the 
amount of solar light or transparency of the air have been given for 

23* 
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the months of April to October. This abstract is accompanied hj foot 
notes referiMDg to matters connected with the subject. 

The decrease of the temperature corresponding to an elevation of 
eighty feet above the level of the sea was measured from bi-hourlj ob- 
servations extending over the months of August, September, and Octo- 
ber. The quantity varies considerably with each month, and it was 
found that on the average the elevation corresponding to a change of 1° 
Fahr. in the mean temperature amounted to 210 feet. 

The surface temperature of the sea-water was found to be 28^.7 dar- 
ing the winter months, and constant, and 32^.3 in maximum in the month 
of July. 



4. Abstract of the Pbikcipal Results of the Discussion of 
Observations for Atmospheric Pressure at Van Rens- 
selaer Harbor, North Greenland, made bt the Sec- 
ond Grinnell Expedition under Command op Dr. E. K. 
Kane, U. S. N., during 1853-54 and *55. Presented by 
Prof. A. D. Bache, from reduction and discussion by Charles 
A. ScHOTT, Asst. Coast Survey.* 

The barometric obserTations at Van Rensselaer harbor, North 
Greenland, were made hourly between June 27, 1853, and January 
24, 1855, the record of mean daily values going up to April 22, 1855. 
The observations here discussed were recorded from September 1, 
1853, to January 24, 1855, from a standard mercurial barometer ; ex- 
cepting those before October 23 of the first year, which were taken from 
an Aneroid whose indications were carefully compared with corre- 
sponding ones of the mercurial barometer. It was found that the 
formula 

B=A + 0.159 4- 0.072 {A — 29.672) + 0.0065 (T— 75°.8), 

represented these comparisons within 0.03 inches for the extreme cases. 
By means of a table these earlier readings were converted into corre- 
sponding mercurial barometer readings. The paper next gives a com- 



* For the complete paper see Smithsonian Contributions to Knowledge^ Vol. XL 
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plete record of the hourly observations of pressure and temperature of 
the daily and hourly means, and the same reduced to 32° Fahrenheit, 
for each month of the year and years. The average elevation of the 
instrument above the mean level of the sea was about five feet. 

The diurnal variation was found quite perceptible, and a table show- 
ing its amount for each month and from all the observations combined 
has been given, illustrated with a diagram. Owing to the small am- 
plitude, the comparatively short period of observation, and the magni- 
tude of the occasional disturbances, the law of the diurnal variation is 
apparently subject to considerable fluctuations. The following table 
gives the mean values. 



Hour. 


Means. 


Hour. 


Means. 


1 


29.768 


13 


29.759 


2 


.765 


14 


.759 


3 


.766 


15 


.761 


4 


.766 


16 


.763 


5 


.766 


17 


.765 


6 


.766 


18 


.767 


7 


.766 


19 


.768 


8 


.762 


20 


,769 


9 


.762 


21 


.770 


10 


.764 


22 


.771 


11 


.764 


23 


.769 


Noon. 


.763 


Midn*t. 


29.768 


Means, 


29.765 



It has been expressed by the formula 

B = 29.765 + 0.0034 sin {d + 290<^) + 0.0022 sin (2^ + 204*), 

the angle 6 counting from noon and at a rate of 15* an hour. The 
principal feature of the curve (Diagram No. 1) is the afternoon inflec- 
tion with a maximum pressure at about 10 p. m. The principal mini- 
mum is reached at 1 p. m. The 10 p. m. maximum is in strict con- 
formity with the general law in the northern hemisphere, but the 1 p. 
H. minimum seems to be about three hours earlier than its time of oc- 
currence at more southern stations. The maximum diflerence is 0.0097 
inches. All the results stated here refer to the gross pressure of the 
atmosphere. A long series of hygrometric observations were made. 
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but owing to the peculiar delicacy which such observations require in a 
latitude of such low temperature, these observations were found not 
sufficiently reliable in their results, and have consequently not been 
taken into account. The annual fluctuation of the atmospheric press- 
ure has been made out, combining results for the same months in dif- 
ferent years, and it wai found that the barometer is above the mean in 
the months of January, February, March, April, and May, and below 
the mean in the remaining summer and autumn months, as exhibited in 
the following table . 



Tear. 


Jan»y. 


Feb'y. 


Ma'ch. 


ApxU. 


May. 


Jane. 


July. 


Aug. 


Sep'. 


Oot 


Nov. 


Dte. 


1858 
1454 
1856 


29.458 
80.089 


29.664 
20 082 


29.798 
29.698 


29.977 
29.820 


29.987 


29.714 


29.786 


29.689 


29.662 29.815 
29.646 29.686 


29.n8 
29.792 


29.821 
29.676 


Means, 


29 775 


29.848 


29.746 


29.898 


29.987 


29.714 


29.786 


29.689 


29.668 


29.760 


29.768 


29.748 



The maximum pressure was observed in May, the minimum in Sep- 
tember ; the range between these two months was 0.284 inches. The 
following expression shows the general course of the annual variation : 

B= 29.7*70 + 0.079 sin {d + 4°) + 0.044 sin {2 6+ 194*^), 

the angle 6 counting from January 1, and expressed at a rate of 30^ a 
month. The result by the formula is given graphically. (Diagram 
No. 2.) 

The computed annual range is 0.207 inches. If we add 0.005 inches 
as correction to the constant 29.770 to refer the result to the level of 
the sea, we obtain for the observed mean barometric height at that 
level in north latitude 78® 37', 29.775 English inches. It may be re- 
marked that the Van Rensselaer station is about 14® higher north than 
the latitude on which the mean reading of the barometer at the level of 
the sea is a minimum. 

The irregular oscillations of the pressure daily, monthly, and annu« 
ally, were considered next. The irregular changes in the atmospheric 
pressure are like those of the temperatures, much greater in winter than 
in summer. If we deduce the average difference, irrespective of sign. 
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in the barometric height between anj two consecutive days, we obtain 
a regular progression in the mean monthly values, namely : 





in 




in. 


January, 


0.17 


July, 


0.09 


Febraary, 


0.26 


August, 


0.10 


March, 


0.17 


September, 


0.11 


April, 


0.12 


October, 


0.15 


May, 


0.14 


November, 


0,17 


June, 


0.10 


December. 


0.26 



The average for the whole year is 0.15 inches ; in the months of De- 
cember, January, and February the variability between successive 
diurnal means is a maximum (0.23 inches), and in the months of June, 
July, and August it reaches a minimum value (0.10 inches). 

The following table contains the maxima and minima pressure as ob- 
served in each month, also the extreme ranges. 





lUXDCi 


• 


KmiHA. 


KjLzrai. 


Month. 


1868. 


1864. 


1865. 


1 

: 1858. 


1864. 


1866. 


Inehei. 


September, 


80.06 


80.25 




29.07 


29.01 




l.ll 


October, 


30.50 


30.16 




, 29.11 


29.00 




1.28 


November, 


30.26 


30.41 




29.05 


29.01 




1.30 


December, 


30.50 


30.37 




29.01 


28.89 




1.48 


January, 




29.92 


30.97 




28.86 


29.30 


1.36 


February, 




30.45 






28.84 




1.61 


March, 




30.49 






29.18 




1.31 


AprU,. 




30.37 






29.28 




1.09 


May, 




80.49 






29.19 




1.30 


Jane, 




30.19 






29.41 




0.78 


July, 




29.97 






29.40 




0.57 


August. 


« 


80.05 






29.22 




0.83 



This mean range of monthly extremes likewise exhibits a regular 
progression ; the mean range is 1.17 inches ; the maxima rise on the 
average to 30.31 inches, and the minima fall to 29.14 inches. As in 
the preceding variation the greatest monthly range takes place in De- 
cember, January,and February (1.48 inches), and the least in June, 
July, and August (0.73 inches). The absolute highest reading was 
30.97 inches, recorded for the morning of January 21, 1855 ; the abso- 
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lute lowest reading was 28^.84, taken near noon of February 19, 1854; 
and the extreme range observed was 2.13 inches. Of the gales noted 
in mj discussion of the winds at Van Rensselaer harbor, onlj a few 
were attended bj a noticeable amount of change in atmospheric press- 
ure. Before the setting in of the gale of December 29, 1853, the ba- 
rometer fell 0.35 inches in nine hours, while before that of December 
18, 1854, it fell 0.36 inches in five hours. 

The state cf the barometer during hours of the fall of snow or of rain 
was next investigated, and it was found from the comparison of re- 
corded hours (563), that there is a difference of 0.006 inches, by which 
quantity the barometer is lower during snow than during clear 
weather. 

The connection of the atmospheric weight with the direction of the 
wind requires, in order to find its average effect, a great number of ob- 
servations, particularly on account of the irregular oscillations of tbe 
barometer in the winter months. The following results are derived 
from a comparison of the barometric readings of the hours 6 a. k., 
noon, 6 p.m., and midnight for each day with the respective mean 
monthly reading during seventeen months of observations. These dif- 
ferences were then arranged according to the directions of the wind ; 

and the results are as follow : + indicating •] , . l the mean. 

Magnetic Direction. 

in. 
N. — 0.022 
N. E. + 0.072 ( On acconnt of the comparatively small nnmber of observations for 
E. — 0.100 I these directions, thej may be combined E. N. E. — 0.044 Inches. 
8. E. 0.000 

S. -H 0.038 From 1050 comparisons of calms and barometric readings, the 
8. W. + 045 latter were foand 0.005 inches above tbeir mean value. 
W. — 0.031 

N.W. — 0.031 

• 

It is only during S. and S. W. (magnetic) winds that the barometer 
rises above the mean value ; during all other winds it is depressed. 

To show the dependence and relation of the atmospheric pressure to 
each wind and to the temperature of the same, it was thought best to 
put the relation of the atmospheric pressure as well as that of the tem- 
perature, to the winds, in an analytical form. In the discussion of the 
observed temperatures at Van Rensselaer harbor a table was given 
showing the dependence of the temperature on the direction of the 
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wind, and if we deduct the mean elevation of temperature by the winds 
from each separately, we obtain the foUowing table of the effect of each 

wind on the temperature, + indicating an -j , (-of temperature. 



Magnetic Direction. 




Magnetic Direction. 




N. 
N.B. 

E. 
8.E. 


o 

— 1.4 
0.0 

— 0.1 
+ 0.9 


s. 

s.w. 

w. 

N.W. 


o 
+ 0.6 
+ 0.4 
+ 0.1 
— 1.4 



Counting from the north, or as belonging to a north wind (magnetic) 
round bj £• to 360°, we obtain, bj using Bessel's formula, 

T= + 1*^.02 sin (6 + 286°), 
or for the inie directions, 

r= + 1°.02 sin (6 + 84°), 
and similarly from the barometric relation to the winds, 

J?= + 0°.018 sin (6 + 3o4°). 

A comparison of the angular constants in these two expressions does 
not show a correspondence of the wind of maximum temperature with 
a minimum pressure ; on the contrary, there is a much nearer corre- 
spondence of the wind of maximum temperature with maximum press- 
ure. According to the first formula, the hottest wind is from the direc- 
tion N. E. ^ E. (true) and by the second formula the maximum at- 
mospheric pressure is from the direction E. (true) nearly. 



276 A. MATHEMATICS Ain> FHTSICS. 



5. Abstract op the Principal Results op the Discussion op 
THE Observations for Direction and Force op the 
Wind at Van Eensselaer Harbor, North Greenland, 
Second Grinnell Expedition, under the Command op 
Dr. E. K. Kane, U. S. N., in 1853, 1854, and 1855. Pre- 
sented hy Prof. A. D. Bache, from reduction and discussion by 
Chas. A. ScHOTT, Assistant Coast Survey.* 

The observations of the direction and force of the wind at Van 
Bensselaer harbor extend over the same period as the other meteorcH 
lo^cal observations, namely, from September 1, 1853, to May 1, 1855. 
"With few exceptions, these observations were made hourly, and their 
record available for discussion extends to January 24, 1855. Those 
taken afler this date will be found recorded, in the second volume of 
the narrative. 

No self-registering anemometer was used, the force being estimated, 
and the direction of the wind given, by compass, and noted in reference 
to eight principal directions. The course of the wind thus given refers 
to the lower or surface stratum of the atmosphere. The hourly record 
contains the force of the wind estimated on a scale from (calm) to 10 

■ 

(hurricane), which numbers were afterwards converted into velocities, 
in miles per hour, according to Smeaton's table. In this abstract the 
fall of snow and rain is likewise noted. The discussion considers the 
resulting direction and force of the wind as well as the quantity of the 
air passing over the place of observation. In regard to the resulting 
direction and velocity of the wind for any given period, the usual 
formula of Lambert has been so far modified as to include velocity 
without dependence on the relative frequency of the winds alone. The 
quantity of air passed over the place of observation by winds from the 
southward and by winds from the westward has been expressed by the 
formula, 

^,=«i cos 6i -f- $2 cos ^a -f- *8 cos (?8 -|- 

J?„ = Si sin di 4" «2 sin di -{- 8s sin 6s -\- 

from which expressions we deduce the resulting direction and velocity. 

* For the complete paper, see Smithsonian Contributions to Knowledge, Vol. XI. 



PHTSIG9 OF THE GLOBE. 



277 



The angle d counts from the south round by west, and s is the length 
of the path (in miles) described by a direction. The formulae were 
put in a convenient shape for the observations on hand, and their de- 
velopment supposes that all particles of the air surrounding the station 
equally participate in the general motion or that all particles describe 
equal and parallel paths. The method is illustrated by a complete ex- 
ample for the observations during September, 1853. 

The resulting monthly direction cp of the wind is obtained by adding 
up the velocity numbers for each wind separately from the hourly ob- 
servations, and then treating the results according to the formulae given 
above. The sum of the velocity numbers for each wind as well as the 
resulting direction of the wind for each month was made out. The 
magnetic direction is converted into true direction by applying the mag- 
netic variation, namely, 108° 12' west. 





B«. 


B«o. 


Mag. 




True 
o 




B«. 


Bip. 


Mag. 
o 


True 
o 














Sept. 


+1059 


+904 


40 


292 


March, 


+ 541 


— 30 


357 


249 


Oct. 


1682 


486 


17 


269 


April, 


+1408 


+ 670 


25 


277 


Not. 


901 


+ 89 


6 


258 


May, 


+1014 


512 


27 


279 


Dec. 


1530 —482 


342 


234 


June, 


— 937 


1027 


132 


24 


Jan. 


659+174 


15 


267 


July, 


+ 745 


+ 805 


47 


299 


Feb. 


+1800—288 


351 


243 


Aug. 


+ 783 


— 8 


359 


251 



By means of 2 E, and 2 B^ for the respective periods the following 
resulting directions of the wind for each season were obtained. 



Winter (Dec. Jan. Feb.), 
Spring (March, April, May), 
Summer (June, July, Aug.), 
Autumn (Sept. Oct. Nov.), 

Year, 


Mag. ^. 


Tnw ^. 


Truedir. 


351 
21 
72 
22 


243 
273 
324 
274 


E.27 N. 
E. 3 S. 
E. 54 S. 
E. 4 S. 


19 


271 


E. 1 S. 



From the above results we see that in general the mean true direc- 
tion of the wind is from the eastward, varying in the several months to 
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the northward and southward of it. There is bat one exceptional 
month (Jane) in which the wind veers round to the westward of south. 
In spring and autumn the mean true direction is ahnost exactly east, 
as well as for the whole year. In winter it is E. N. E. and in summer 
S. E. by S. 

The average velocity in the resulting direction of the wind, which is 
necessarily smaller than the mean velocity of the several winds, on 
account of the partial neutralization of opposing winds, is found bj 
dividing the quantity B by the actual number of observations. This 
quantity was made out for each month, and the average value for the 
whole year is 4.5 miles per hour. The average velocity with which 
each of the eight winds passes over the place of observation in each 
month and for the whole year, is found by dividing the sum of the ve- 
locity numbers in the period by their respective number of entries in 
the table. These results are shown in the annexed table. 



Hag.dir. 


7«i. 

ml8. 


Veb. 

mis. 


Mar. 


Apr. 


May. 
mis. 


Juoe. 
mis. 


July, 
mis. 


Aug. 

mis. 


Sept. 
mis. 


Oct. 

mis. 


Not. 
mis. 


Dec. 




ml8. 


mis. 


mis. 


S. 


2.9 


9.4 


4.3 


3.3 


10.9 




18.1 


12.1 


10.1 


8.2 


6.3 


9.1 


s.w. 


8.2 


11.3 


1.5 


14.6 


7.1 


8.7 


23.1 


1.6 


14.2 


9.2 


15.6 


11.5 


w. 


3.2 


2.1 


2.0 


1.0 


1.0 


4.3 


2.9 


6.3 


5.6 


10.4 


1.5 


7.0 


N.W. 


2.7 


1.5 


6.4 


1.5 


1.6 


6.8 


4.1 


7.2 


9.7 


10.4 


4.2 


3.6 


N. 


1.7 


2.3 


1.0 


2.3 


2.2 


11.4 


1.7 


3.6 


8.4 


3.3 


2.6 


2.0 


N.E. 


1.6 


1.0 


1.0 






22.4 


4.5 


3.0 


2.0 


4.5 


4.8 


7.2 


E. 


1.0 


8.5 


11.5 


1.0 


1.5 




2.5 


2.8 


5.1 


2.1 


3.5 


13.1 


S.E. 


4.3 
4.4 


6.7 
7.9 


3.3 


4.1 


6.9 




2.9 

8.4 


8.8 
8.0 


5.7 
9.6 


5.7 
7.6 


5.8 
6.9 


11.1 
9.5 


Weighted 
mean. 


3.8 


5.4 


4.7 


7.6 



Accordingly the winds blow with their greatest strength in the months 
of September and December, and with their least strength ia the 
months of March and May ; in the former the mean velocity is 9.6, 
and in the latter case 4.2 miles per hour. In the following table is ex- 
hibited the mean velocity of each wind separately, and the results are 
illustrated by diagram No. 1. 
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Mag. dir. 


Mean Telocity 

in miles per 

hour. 


Hag. dir. 


Mean yelcMsity 

in miles per 

hour. 


S. 

s. w. 
w. 

N. W. 


7.4 

11.2 

4.1 

4.8 


N. 
N. E. 

E. 
S. E. 


3.5 
6.2 
6.0 
6.3 



Of all winds the S. W. (mag.) blows with the greatest force, and the 
north wind with the least 

The sum of the velocity numbers, or the number of miles travelled 
over by the air in any direction for any given period, may be called the 
quantity of wind which has been transferred over the place of observa- 
tion during that time. The variations in the density of the air have 
not been considered in this connection. The quantity of wind and di- 
rection for each month, as well as the number of hours during which 
it blows have been tabulated, and the following are the sums for each 
wind during the year. 



Mag. dir. 


Quantity 


Hoars of 




in miles. 


occurrence 




S. 


6119 


821 


s. w. 


8004 


708 




w. 


962 


233 




N. W. 


3225 


660 


Number of boon 


N. 


1000 


287 


of calms, 5063. 


N. E. 


337 


53 




E. 


672 


113 




S.E. 


5200 


822 





The tabular results are laid down graphically in rectangular and cir- 
cular diagrams (Nos. 2 and 3), which also give the relative frequency 
of the winds. The greatest quantity of air moved over the place dur- 
ing the year comes from a quarter bounded by the true directions S. E. 
by E. and N. N. E. The prevailing wind also comes from this quar- 
ter. With the exception of the true S. W. by S. winds, there is com- 
paratively hardly any wind from the remaining directions ; the quadrant 
between true west and north being particularly deficient in this respect. 
The calms greatly predominate, there being, during the year, more 
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hours of calm (5063) than hours of wind (3697) from any quarter, a 
circumstdlbe quite characteristic of the locality. 

The number of consecutive hours during which any one wind blew 
on the average has also been tabulated, giving 2.1 hours for the east 
(mag.) wind and 3.4 hours for S. W. and N. W. winds. Calms last on 
the average, 7.8 hours. 

Owing to the great number of calms, and partly also to the generally 
small quantity and velocity of the winds between the true south and 
trtie north-west directions, the law of rotation cannot well be verified 
in this locality. There is, however, a tendency of the (mag.) S. S. E. 
and E. winds to shift in accordance with the law, in the proportion of 
three cases to one case against it. 

Between September 1, 1853 and January 24, 1855, there were re- 
corded thirteen gales, not confined to any particular season. They 
lasted about seven hours, and in summer with a tendency to blow from 
E. S. E. (true) and in winter from N. N. E. (true). These two direc- 
tions are the only ones from which gales were experienced. 

The investigation of the connection of the temperature and weight 
of the atmosphere with the direction of the wind will be found noticed 
in the paper on the temperature and barometic pressure. 

The dependence of the fall of snow or rain on the direction of the 
wind is shown in the following table, which contains the aggregate num- 
ber of hours during which snow (or rain) fell for any direction of the 
wind, and during calms. 



Dir. (mag.) 


Hours. 


Dir. (mag.) 


Hours. 


Calm, 328 hoars. 


S. 

s. w. 
w. 

N.W. 


52 

71 

43 

110 


N. 
N.E. 

E. 
S. E. 


45 

6 

10 

75 



The snowy or rainy quarter is between N. N. E. (true) and E. S. E. 
(true), or from the direction of the Spitzbergen sea, and also from the 
direction S. S. W. (true), or from the Upper Baffin bay. During 
almost half the time it snowed during calms. From the directions W. 
N. W. (true) and N. N. W. (true) there was hardly any precipitation. 
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6. On the European Storm of December 25, 1836. By Prof. 

Elias Loomis, of New York. 

About the 25th of Dec, 1836, a very violent storm of rain and snow 
was experienced over a large portion of Europe. In England there 
occurred one of the severest snow-storms ever known in that country. 
The snow commenced falling on the 24th, and continued without inter- 
mission through the 25th and until the evening of the 26th. The 
depth of snow was such as to render the roads impassahle, the drifts 
rising in some places to the height of ten or twelve feet. The editor • 
of the London Times remarks : " Never before within our recollection 
was the London mail stopped for a whole night at a few miles from 
London, and never before have we seen the intercourse between the 
southern shires of England and the metropolis interrupted for two 
whole days." The area covered by the rain and snow formed nearly 
a circle of about 1,500 miles in diameter. North of Switzerland the 
moisture was precipitated in the form of snow ; south of Switzerland 
it was precipitated in the form of rain. Throughout Italy the fall of 
rain was heavy, and at Florence it exceeded three inches. 

Over nearly the whole of this area of rain and snow the barometer 
sunk below its mean height. At the centre of this area the barometer 
was depressed one inch below its mean height, while at Iceland the ba- 
rometer stood more than an inch above its mean height The point of 
greatest barometric depression was situated near Switzerland, and this 
may be regarded as the centre of the storm. For more than four days 
this centre of the storm was nearly stationary, oscillating alternately 
eastward and westward through a range not exceeding 250 miles. 
Throughout the entire area of rain and snow, the winds for several days 
exhibited a tendency to crowd inward towards the centre of the storm ; 
not in the direction of radii, but spirally inward, circulating round the 
centre in a direction contraiy to the motion of the hands of a watch. 
This tendency was very strongly indicated from the 24th to the 28th of 
December. 

From a comparison of the European storm of December 25, 1836, 
with the American storm of December 20, 1836, and also the storms 
of February 4 and 16, 1842, Prof. Loomis has been led to the follow- 
ing generalizations. Some of these conclusions are substantially the 

24* 
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same as given by Mr. Espy in his Fourth Meteorological Beport, bat 
several of Mr. Esp 7*8 conclasions are onlj true when applied to Amer- 
ican storms : 

1. The area covered by a violent storm of ndn or snow is some- 
times nearly circular in form ; sometimes its form is very much elon- 
gated or elliptical, its length being two or three times its breadth ; and 
frequently its form is very irregular. In the winter storms of the 
United States, the north and south diameter is generally very much 
greater than the east and west diameter. 

2. When storms are circular, the area of rain or snow is sometimes 
• 1,500 miles in diameter ; when their form is elliptical, the area of rain 

or snow is sometimes 1,000 miles wide, and 2,000 or 3,000 miles long. 

3. Violent storms sometimes remain sensibly stationary for four or 
five days, but generally the centre of a storm has a progressive move- 
ment along the earth's surface. The rate of this progress has been 
observed to vary from zero to forty-four miles per hour. From our 
Ihnited number of observations, it seems probable that American storms 
travel more rapidly than European storms. 

4. Within the limits of prevalent westerly winds, when violent 
storms advance with considerable rapidity, the direction of progress is 
always from west to east. This direction is not absolutely uniform, bat 
has been observed to vary from about due east, to north fifty-four de- 
grees east 

5. Great storms of rain and snow are accompanied by a depression 
of the barometer near the centre of the storm, and a rise of the barom- 
eter near the margin; but this rise is not generally uniform along the 
entire margin. 

6. The depression of the barometer at the centre of a storm some- 
times amounts to more than an inch helow the mean height; and the rise 
{Jong some portion of the margin sometimes amounts to more than 
an inch ahove the mean height. 

7. Winter storms commence gradually, and generally attain their 
greatest violence only after a lapse of several days ; after a time their 
violence gradually diminishes, and at length they disappear entirely. 
This succession of changes requires a period of several days, some- 
times one or two weeks, and possibly even longer. Sometimes all 
these changes are experienced over the same country; that is, the 
storm makes no progress from place to place. More commonly, how- 
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ever, the storm travels along the earth's surface; and although the 
same storm maj continue for one or two weeks, or even longer, its du- 
ration at any one place may not exceed one or two days. 

8. For several hundred miles on each side of the centre of a violent 
storm, the wind inclines inward towards the area of least pressure, and 
at the same time circulates around the centre in a direction contrary to 
the motion of the hands of a watch. 

9. In Europe as well as in the United States, on the north side of a 
great storm, the prevalent winds are from the north-east ; while on the 
south side they are from the south-west. 

10. The force of the wind is proportioned to the magnitude and sud- 
denness of the depression of the barometer ; but very near the centre 
of a violent storm there is often a calm. 

11. On the borders of the storm, near the line of maximum press- 
ure, the wind has but little force and tends outward from the line of 
greatest pressure. 

12. The wind uniformly tends from an area of high barometer to- 
wards an area of low barometer ; and this is probably the most impor- 
tant law regulating the movement of the wind. 

13. In a great storm, the centre of the area of high thermometer 
frequently does not coincide with that of the area of low barometer, or 
with the centre of the area of rain and snow. In the United States, 
on the north-east side of a storm, at a distance of over 500 miles from 
the area of rain and snow, the thermometer sometimes rises even 
twenty degrees above its mean height 

14. The storms of Europe are very much modified, and sometimes 
in a great measure controlled by the Alps of Switzerland. By the in- 
terposition of these mountains, the air which sweeps over them is 
forced up to a great height where it is suddenly cooled ; its vapor is 
condensed ; heat is accordingly liberated by which the surrounding air 
is expanded, and rises above the usual limit of the atmosphere. It 
thence flows off laterally, leaving a diminished pressure beneath the 
cloud; that is, the barometer shows a diminished pressure in the neigh- 
borhood of the mountain. The mountain thus becomes the centre of a 
great storm, and the storm may continue stationary for several days, 
being apparently held in its place by the action of the mountain. 
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1. 05 THE Winds of the Southebk Hemisfhebe.* By Fro£ 

J. H. Coffin, of fiaston. Pa. 

The preparation of this paper is due to the liberality of the Smith- 
sonian Institution, which has not only allowed me the free use of all 
the material at its command, pertaining to the subject of winds in all 
parts of the globe, but alsQ has generously defrayed a considerable part 
of the expense of making the necessary calculations. 

The results I am about to present are confined chiefly to the summer 
and winter months in the southern hemisphere. Those for the spring 
and autumn, and also the general results for the year have been com- 
puted, but in order to illustrate them properly, separate diagrams f would 
be needed. I have only added them in a few instances for parts of 
the ocean where observations for the other seasons of the year were 
wanting, distinguishing them by the color of the arrows by which they 
are represented ; namely, green for spring, and yellow for autumn. In- 
deed, I offer this paper, not as a complete discussion of the subject of 
which it treats, but such only as my time and other duties have allowed 
me to prepare, reserving a more full one for some future occasion. For 
the sake of brevity and to avoid confusion when I come to discuss the 
winds of both hemispheres together, as I am preparing to do, the groups 
of months constituting the different seasons are designated by the same 
name in the southern as in the northern hemisphere, without reference 
to the fact that as it regards physical phenomena the seasons in the two 
are opposite. 

Meteorological observations have been taken on land only at compar- 
atively few stations in the southern hemisphere, and most of my mate- 

* Jast as I was on the eve of starting to attend this meeting I receivedi throagh 
the kindness of Capt. Manry, in advance of pablication, some sheets from the forth- 
coming enlarged edition of his Physical Geography of the Sea, containing a new 
chapter, which he has introduced, on the winds of the southern hemisphere, — and on 
examining them since my arrival here, I find that on many points his results coin- 
cide so nearly with those given in this paper, that I have hesitated about offering 
it. Yet as our modes of investigation are unlike, and as his field of research does 
not extend far enough south to embrace any parts of the system of southern polar 
winds, I conclude to present it as it is. 

t The diagrams accompanying this paper are not received. — J. L., Ebitob. 
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rial is derived from the published wind charts of Capt. Maury, which 
now cover all those portions of the southern oceans lying between the 
equator and the sixtieth parallel of latitude, and from the one hundred 
and sixty-fifth meridian of west longitude from Greenwich, eastward to 
the one hundredth meridian of east longitude, — or about three fourths 
of the way round the globe. For more southern latitudes I have had 
to resort to the published reports of Cook, Boss, Wilkes, and other 
antarctic explorers. 

The aggregate amount of time embraced is about 240 years, or 318 
summers and 644 winters ; so that my results embody the experience 
of a man, if such could be, who had spent all his winters and half of 
his summers in these southern seas for nearly 650 years. All these 
summers except nine days, and 641 of the winters were spent north of 
60°, and except in the vicinity of Cape Horn, nearly all the former 
were spent north of 45°, and so afford, of course, only very unsatisfac- 
tory data for that part of the year. Between the parallels 60° and 65° 
I have observations for nine days in summer and 194 in winter, and 
south of the latter parallel for 168 days in winter and eleven in spring. 
I have just been informed that a new whaling ground has been discov- 
ered in lat. 60° to 65°, south of Kerguelen Land, and if so the log- 
books of vessels that visit it will afford the means of filling an impor- 
tant blank, and I shall endeavor to procure extracts from them. The 
following tabular statement will show more fully the geographical dis- 
tribution of the observations north of lat. 60°. 



Lat. 0° to 40° south, 
" 40 to 45 " 
" 45 to 60 
Total, 



« 



PAomo 


oozAir. 


ATLANTIO OOKAN. 


No. of 

months in 

sommer. 


No. of 

months in 

winter. 


No. Of 
months in 
summer. 


No. of 

months in 

winter. 


180 
14 
34 

228 


431 

82 

178 

691 


329 

7 

13 

349 


451 
54 
60 

565 



INDIAN OOXAN. 



O go O 

..d i 



369 
7 


376 



o 



I 



^^ 



539 

104 

22 

665 



TOTAL. 






a 



878 
28 
47 

953 



o.| 



1421 
240 
260 

1921 



The method of investigation has been the same as I have here- 
tofore described, namely, calculating, after the ordinary method of 
composition of forces, the mean resultant of all the winds, both as 
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to direction and amount It maj be fflastrated bj soppoong m 
balloon to be set loose, and to float freely in the air oyer any distzici 
of conntij, or portion of the ocean, and it is required to find its dis- 
tance and direction from its starting-place after anj giren time, in any 
given season of the year. The method by Lambert's formula is the 
same in principle, but is applicable without modification cmly 
the direction of the wind is poted but for eight points of the 
pass. 

Most of the calculations have been made by Mr. Benjamin F. Stem 
and Mr. James T. Doran, both former graduates of La Fayette Cdl* 
lege, and both careful and accurate mathematical computers. 

The results I have delineated upon maps of the hemisphere by means 
of arrows representing by their direction the mean resultant direction 
of the winds, and by their length, exclusive of the point, the ratio that 
the progressive motion of the wind bears to the total motion, the unit 
being one inch. Thus, for example, if the wind progressed in its mean 
direction ^fij miles while travelling by its circuitous route one hun- 
dred, it would be represented by an arrow half an inch long, — and so 
for any other ratio. Resultants deduced from less than 150 days' obser- 
vation are marked by a note of interrogation, to show that they are con- 
sidered doubtful, — those deduced from less than fifly, by two such marks, 
and those from shorter periods with three or four according to the de- 
gree of doubt 

With these preliminary remarks, I* proceed now to give a brief oat- 
line of the results to which I have arrived, referring those interested 
to the diagrams for a graphical illustration of them. 

If I have shown satisfactorily heretofore that three great systems of 
wind exist in the northern hemisphere, we should expect corresponding 
ones in the southern, and accordingly I find unmistakable indication3 
that such is the case ; namely, 1st, a system of easterly and south-easterly 
winds near the equator, — 2d, a system of westerly and north-westerly 
winds in the middle latitudes, — and 3d, a system of south-easterly winds 
near the south pole. I will speak of the features of each of these sys- 
tems separately. 

The zone of the equatorial or trade wind system appears to be some- 
what narrower than in the northern hemisphere, extending from the 
equator only to about the thirtieth parallel of latitude in summer, and 
to about the thirty-third in winter. Near the equator the progressive 
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motion is relatively very great, generally over ninety per cent, of the 
total motion ; but as we approach the southern limit of the zone it 
dwindles down to ten or fifteen per cent., and often less. The first part 
of this statement is true more especially over the Atlantic and Pacific 
oceans, for over the Indian ocean the system is not developed in winter 
further north than latitude 10^. While the winds of this system are 
generally south-easterly, yet owing to local disturbances of greater or 
less extent, they are by no means uniformly so. If we start from the 
180th meridian from Greenwich, and travel eastwardly, we find the 
winds at first nearly due east, perhaps a little to the north of east, par- 
ticularly in the winter months. But as we advance they grow more 
and more southerly till we reach the west coast of South America, 
where the direction coincides very nearly with that of the coast line. 
Crossing that continent we find the system nowhere better developed 
than over the middle portions of the Atlantic, but as the current ap- 
proaches the coast of Brazil, it seems to be split asunder, near Cape 
St. Boque, one branch following the north-eastern and the other the 
south-eastern coast. Near the west coast of Africa the phenomena re- 
semble those which I have just described on the corresponding coast 
of South America. Through the entire width of the African continent 
we have no observations except a few imperfect ones by Livingstone. 
In the Indian ocean the system is well developed in the summer season, 
but disappears entirely in winter north of lat. 10*^, and is replaced, for 
the most part, by a current nearly in[the opposite direction. To under- 
stand and exhibit clearly the peculiarities of the winds in this disturbed 
region, we need to extend it north of the equator, so as to connect them 
with those of the Arabian Sea and Bay of Bengal. Along the parallel 
of 10^ there is in winter but little progressive motion in any direction, 
but soon afler passing south of it we fall in with the regular south-east 
'' trades," which continue till they break up at the southern limit of the 
system, about lat. 33^, as already remarked. A singular feature is 
noticeable in the winter winds near this limit, in longitude 55^ to 65° 
east, a thousand miles or so south-east from Madagascar. There is a 
perfect eddy or whirlpool in the air, several hundred miles in diameter, 
in the middle of which there is no progressive motion whatever. In 
the summer season this feature is less marked, if it exists at all. There 
are one or two other places in the Atlantic and Pacific oceans where 
there seems to be a tendency to a movement of the same kind, but 
nowhere else is it so clearly defined. 
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The system of westerly and north-westerly winds comprises a zone 
bounded on the north by that of the equatorial winds, just described^ 
and extends southerly in the winter season to latitudes varying fixun 
about 61° in the southern Indian ocean to about 65° or 66° in the south 
Pacific Its southern limit in the summer season (their winter), which 
I have ventured to draw in lat. 50°, is as yet entirely a matter of con- 
jecture, no observations having been obtained from which to determine 
it Indeed the whole southern ocean, south of lat. 45°, except in the 
vicinity of Cape Horn, appears to be unfrequented by ships in that 
season of the year, not a solitary observation being given by Capt. 
Maury through the entire width of the Atlantic and Indian oceans, and 
but few in the Pacific Our knowledge, therefore, of the summer winds 
of this zone is confined chiefly to its northern half, from lat 30° to 45°. 
The winds of this system, both in summer and winter, are remarkable 
for the uniformity of their mean direction, which, contrary to what has 
been commonly supposed, is far more uniform than it is in the zone of 
the trade winds, though the relative progressive motion is considerably 
less, rarely reaching sixty per cent. Of all the reliable resultants de- 
lineated in the well-defined portions of the system, amounting in the 
whole to over 250, every one in winter, and all but seven in summer, 
are westerly, and most of them are within a few degrees of the general 
mean, which is about N. 75° to 80° W. Of the seven-exceptions, five 
are contiguous to the coasts of A&ica, South America, and New Zea- 
land, where there are doubtless local influences ; and the general uni- 
formity in the mean direction results no doubt &om there being no large 
bodies of land in the track of the current, except the southern penin- 
sula of South America. 

Of the third system, comprising the southern polar winds, our 
knowledge is confined to the months of winter and early spring, no 
ship, so far as I can learn, having ever visited this inhospitable region 
in the; other parts of the year. The aggregate amount of time for 
which I have obtained observations within this zone is but 271 days, 92 
of which were spent along the margin, and 179 at ten different places 
south of lat. 65°, where for the most part, the system may be supposed 
to be fully developed. From the analogy of the northern hemisphere 
we should expect the winds of this system to be easterly and southerly, 
and accordingly I find that while the resultants at these ten places show 
great discrepancies, as appears from the following tabular statement, 
and as should be expected from the fewness of the observations from 
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which they were computed, yet every one of them is easterly, which is 
the more remarkable, and shows the contrast the more clearly, since in 
the contiguous system, as I have just remarked, every one during the 
same season of the year was westerly. 
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year. 
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60° to 65° 
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13 
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8 to 20 " 


Spring, 
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39° 35' E. 
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105° to 160° E. 


do. 


S. 5 45 E. 


22 


Wilkes. 


tt tt tt 


166 to 176 " 


do. 


S. 5 37 E. 


60 


Boss. 


70 to 75 


106 to 108 W. 


do. 


N. 45 E. 


2 




tt tt tt 


15 to 18 " 


Spring, 
Winter, 


N. 55 48 E. 


4 


Boss. 


tt tt tt 


166 to 176 E. 


S. 38 42 E. 


35 


tt 


75 to 80 


168 W. to 166 E. 


do. 


N. 88 41 E. 


34 


tt 



Of the five resultants near the margin of the zone all are from nearly 
a south point, — two of them a little east, and three of them a little 
west, — and of the whole fifteen within the zone only ^y^ tend 
towards the pole, and two of them hut slightly so, while ten recede 
from it, generally at a large angle. Moreover, these five are all east- 
erly, so that in the entire zone there is not a solitary resultant from the 
N. W. quarter, — the very quarter from which most of the winds in 
the contiguous zone come. It is true that the length of time covered 
by the observations is too short for us to place full confidence in the re- 
sults, but is it not singular that the experience of so many different navi- 
gators, in different parts of the sea, should so nearly coincide, if it is all the 
result of mere accident, and not of any general law ? There is one other 
consideration, however, that I ought in candor to allude to, and which, I 
confess, greatly impairs my confidence in results obtained in high latitudes^ 
both northern and southern. I refer to the great declination of the mag- 
netic needle, and the want of care, often, on the part of navigators to distin- 
guish, in their records, between the magnetic and astronomical meridians. 

TOL. XIII. 25 
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In what I have said thas far there has been no allusion to any ibeorj 
to account for the facts I have described, and it was not my intention 
to have touched upon that subject at all. But since it has been asserted 
here that the whole fabric is mere theory, — the result of the Hadley 
<< disease/' — perhaps the association will indulge me in a few remarks 
on that head. And first let me say that very few of the calculations^ that 
fomished the results I have exhibited, were made by myself Orer 
ninety-nine per cent, of them were made by persons whom I employed 
for the purpose, and who, though skilled in resolving a traverse, or in 
the composition of forces, knew nothing about winds, nor the bearing of 
the results they were bringing out, and therefore could not be vrarped 
by theory. They merely took the data, made the calculations^ page 
after page, and returned their work to me. Facts thus determined 
show beyond the possibility of doubt, that the air at the surface of the 
earth approaches the equator, and the parallels of 60°, or thereabouts, 
on both sides. Now what becomes of it when it gets there ? Is it 
annihilated ? or is there a funnel on some parts of the globe, where it 
blows back to the regions from whence it came ? The former is cer- 
tainly inadmissible, and evidence has been sought in vain for the latter. 
It must then rise, notwithstanding the gentleman's * merriment at the 
idea, and whether we can account for it or not, — and if he can show 
that his magnetism or electricity is a probable cause of such a movement, 
we certainly shall not refuse to accept it Again, there is abundant 
proof that the surface wind blows from the poles, and from the parallels 
of 30°. Whence is it supplied ? There is surely no new creation of 
air for the purpose,-— it must descend from above. 

In seeking for the true cause of these movements, while the heat of 
the sun is undoubtedly the primary one, there are others which Hadley 
and those who have succeeded him, have overlooked. Such is the one 
that Pro£ Ferrel has discussed with so much ability in the numbers 
of the Mathematical Monthly. If there were no other disturb- 
ing force it is obvious that the entire atmosphere must assume a sphe- 
roidal form, more or less oblate according to the rate of its diurnal 
easterly motion. If this motion were increased it would flow toward 
the equator, and if diminished it would £ei11 back toward the poles. 
And what would be true of the entire atmosphere would be true in like 
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manner of any portion of it. Consequently if the diurnal motion of 
the air, at any place, is greater than that of the earth, it must tend 
toward the equator, — if less, toward the poles. Now the air which rises 
at the equator, hy reason of the solar heat, and flows from thence toward 
the poles, has the diurnal motion due to the equatorial regions, and con- 
sequently greater than that of the parallels over which it passes. It must, 
therefore, from this cause, tend to return back again toward the equator, 
and will recede from it only till the two forces are in equilibrio, say in lat 
30** to 35**, or thereabouts. In like manner the surface air that flows 
from the poles, has a less diurnal motion than is due to the parallels orer 
which it passes, and so ever tends from this cause to return again to the 
poles, and recedes from them only, say, to' the parallel of 60®. A move- 
ment thus generated is probably further assisted by the condensation of 
vapor at the equator and the parallels of 60°, where the surface currents 
meet, producing an increase of temperature, and a diminution of 
atmospheric pressure. 



8. On the Occasional Luminousness op the Atmosphere at 
Night on the Andes. By Rev. George Jones, U. S. Navy. 

In one of the volumes of Cosmos, reference is made to a luminousness 
of the atmosphere occurring once in Germany, when people were able to 
read small print at night I have not been able to meet with any thing on 
that subject except this slight allusion to it by Baron Humboldt; but soon 
after my arrival at Quito, in Ecuador, in 1856, 1 noticed a similar phe- 
nomenon in the nightly atmosphere at that place. Both atmospheric and 
astronomical phenomena are brought out at that elevation of nearly 
10,000 feet above the sea, with a very remarkable distinctness and in- 
dividuality ; as we might indeed expect when we know that Humboldt 
was there able to see his friend Bonpland, with his naked eye, at the 
distance of 17^ miles. Soon after I had begun to make observations |^j 

on this luminousness at Quito, a foreign gentleman in that city. Col. 
Lanegan, who had taken part in the war for independence, said to me 
one evening, "Mr. Jones, what I hear about your observations on the 
zodiacal light explains to me something I have oflen noticed up in these 
regions, — I mean the very great brightness of the atmosphere at 
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enjojdng the hospitalities of our Minister-resident at Ecuador, his Ex- 
cellency Philo White, and was furnished by him with newspapers 
which I took out with me on these occasions, so as to try whether, 
without previously knowing what they were, I could make out any por- 
tion of their contents. The following is copied from my journal on the 
subject : 

Quito, January 26, 1857, 9*^ 30"* p. m. I have just been out on 
the azotea (open balcony), at the southern side of the house, in order 
to try how far I could read printed matter simply from the bright- 
ness of the atmosphere. The sky was clouded over, except now and 
then it cleared off in the zenith sufficiently to show a few stars, but 
they appeared dimly. There was no help from star-light, or, indeed, 
from any thing, except simply the light of the atmosphere. I first took 
out several newspapers, not knowing what they were, and read without 
difficulty the titles of the following : Milwaukee WeeJdy News, Oneida 
Weekly Herald, The New York Herald, Weekly Journal of Oommerce, 
JSdinhirgh Evening Oowrant, In the case of the N. Y. Herald, and 
also most of the others, I was able to make out every letter distinctly. 
I afterwards took out several old Spanish books, of whose titles I had 
no distinct recollection, and tried them, with results similar to the fore- 
going. 

February 14, 9*» 30°^ p. m. This is a very dark night, though I can 
see no reason for the difference between it and the one noted above — 
this being cloudy as that was. When I hold my hand before me ver- 
iically, I cannot see it at all, at any distance from my face ; if I hold it 
horizontally, I can make out the shape of the palm, and dimly of each 
finger. I took the above printed matter out with me, not expecting to 
be able to read it, but merely to make the experiment even with the 
former one. Could not make out a single letter. Could see something • 
black where the Spanish book was — nothing more ; and could do this 
only when it was held horizontally. 

February 24. On looking out last night at 12 o'clock, I was struck 
with the remarkable luminousness of the atmosphere, and again made 
experiments in order to see how distinct printed matter would be to the 
eye. There were several newspapers Ijang about, of the titles of 
which I was not aware. These I took up and tried successively with 
the following results: JTie Boston Staiesman and WeekH/yPost; the first 
part of the heading I could easily read, making out each letter readily 
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Of this variously sized printing noticed above, as at the heads of the 
newspapers, that of the Edinburgh Evening Courant was the small- 
est ; the letters there, small Boman letters, being a trifle more than a 
quarter of an inch in length; thej are double lined, open and not full. 
If any person should think that it is nothing remarkable to be able to 
read such printing in the open air, at night, without extraneous aid, let 
him ivj such printing, or any other, and he will And how greatly he is 
mistaken. 

. This subject of luminousness in the atmosphere seems to have forced 
itself very strongly upon the attention of the aeronauts who lately 
made their ascent in the great balloon from St. Louis. Mr. La Moun- 
tain gives the following account : 

" Throughout the night (July 1, 1859, — the moon set at 8** 
45>B p. M.) we were able, at all times, to distinguish the prai- 
ries from the wooded country below, even when at the altitude of 
two miles. We were floating in a sort of transparent vapor, which, 
without possessing any perceptible body, yet seemed to be made up of 
luminous particles. The effect of this light was very peculiar. It gave 
the balloon a phosphorescent appearance as though it were charged with 
fire. So powerful was this that every line of the netting, every fold of 
the silk, every cord and wrinkle was as plainly visible as if illumi- 
nated by torches, and I could, at any moment, tell time by consulting my 
watch. This phenomenon became more striking as we increased our 
altitude. • • • . That it is not a natural feature of night above the 
earth's surface, is shown by the fact that when Charles Green, Mark 
Mason, and Lord Holland made their famous nocturnal voyage from 
London to Weilburg, it was so dark that it seemed as if the balloon 
was passing through solid blocks of black marble." 

Mr. Gager^s statement of the same occurrence, as given in the Troy 
Times, was as follows : 

<^ The principal thing which the voyagers observed during the night 
was the prevalence, above and under them, of a remarkable phospho- 
rescent lights which seemed to invest every thing, and give it a peculiar 
appearance. It made the balloon look like a globe of fire seen through 
oiled paper, as Wise described it. It was easy to tell the woods from 
the open country by the belts of black lines which they indicated ; and 
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on crossing a body of water, it seemed as though the voyagers were 
passing between two sheets of flame of a mellow color, which lighted 
them up, and gave to their countenances, and to the objects immediately 
surrounding them, a peculiar hue. This phenomenon was as agreeable 
to those who witnessed it as it was remarkable." 

I have now given the facts of the case at present in my possession ; 
unless, indeed, we add to this strange luminousness of the atmosphere 
at night, per contra, the equally remarkable occurrence in New England 
of what was called " the dark day" in the early part of the year 1780. 
The darkness came on at 9 A. m., no cloud in the sky, nor any fog be- 
low, — no apparent cause whatever for the phenomenon. People bad 
to light candles as at night. This continued till 3 p. m. when the air 
brightened a little ; but before sunset the darkness returned, and the 
night was intensely black. I believe no explanation of that phenome- 
non has ever been given. 

What does it all mean ? It seems to me that we are not yet in suf- 
ficient possession of facts to enable us to draw satis&ctory conclusions ; 
but the subject is certainly a very interesting and important one, and 
well worthy of an effort for further knowledge by careful observations. 
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I. GEOLOGY AND PALEONTOLOQT. 

1. On the Drift Cavities, or "Potash Kettles" op Wis- 
consin. By Chas. Whittlesey, of Cleveland, Ohio. 

Along the summits or dividing ridge between the waters of Rock 
river and those of Lake Michigan, there are numberless crater-like 
depressions in the drift materials, which are called by the people '^ pot- 
ash kettles." 

They are in the form of cavities, sunk below the general surface, 
ten, fifteen, and even one hundred feet, their outHne rudely circular, and 
their sides as steep as the earth will stand. Mr. Lapham has traced 
them from the southerly line of the State, east of Beloit, along the 
height of land northerly, as far as the heads of the Sheboygan river, 
a distance of about one hundred miles. 

The materials in which they are found are the coarse drift, such as 
everywhere in the west occupies the summit of the country. 

Between the State line and Lake Winnebago, the pebbles and boulders 
of the subjacent Niagara limestone constitute a large portion of the 
mass, with which sand and gravel are intimately mixed. 

I have traced them 150 miles further in a northerly direction to the 
Wissakote or Brule river. After passing beyond the sedimentary rocks 
above Lake Winnebago, the proportion of sand increases, and also the 
size and number of the boulders, which are mostly of igneous origin. 

To get an idea of the appearance of the " potash kettle " country, 
imagine a region of drift moraines inverted. Instead of a surface 
thickly set with rounded hillocks, suppose it to be occupied by cavities 
of irregular size and depth. 

If the grinder of a mastodon is reversed and impressed upon a piece 
of wax, the depressions which result, will represent the drift cavities as 
contrasted with drift elevations. In travelling through such a region the 
explorer frequently finds them so near together, that he no sooner rises 
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on crossing a body of water, it seemed as though the Tojagers were 
passing between two sheets of flame of a mellow color, which lighted 
them up, and gave to their countenances, and to the objects immediately 
surrounding theai, a peculiar hue. This phenomenon was as agreeable 
to those who witiiessed it as it was remarkable." 

I hare now given the facts of the case at present in my possession ; 
unless, indeed, we add to this strange Inminousness of the atmosphere 
at night, per cantroj the equally remarkable occurrence in New England 
of what was called " ihe dark da^J* in the early part of the year 1780. 
The darkness came on at 9 a. m., no dood in Uie sky, nor any fog be- 
low, — no apparent cause whatever for the phenomenon. People had 
to light candles as at night This continued till 3 p. M. when the air 
brightened a little ; but before sunset the darkness returned, and the 
night was intensely black. I believe no explanation of that phenome- 
non has ever been given. 

What does it all mean ? It seems to me that we are not yet in suf- 
ficient possession of i&cts to enable us to draw satisfactory conclusions ; 
but the subject is certainly a very interesting and important one, and 
well worthy of an effort for further knowledge by careful observations. 
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But the formation of a system of depressions, of an uniform character, 
oyer large tracts of country without natural mounds or ozars, is some- 
thing quite dijQTerent, in fact, quite opposite. And yet this has occurred 
in the drift, and must therefore be due to a phase of the drift phe- 
nomena. 

The rocks beneath the superficial materials in which these cavities are 
formed are everywhere polished and grooved by the drift forces. 

At the foot of the Alps, moraines are formed mechanically by the 
movements of glaciers, carrying forward earth and stones, that are 
finally left in rounded heaps on the more level country. Masses of ice 
become entangled with the loose materials, which in due time melt away 
and disappear. 

Without entering at large into a discussion of the drift force, I as- 
sume for the present purpose that, in the early periods of the drift 
epoch, it was glacier ice. Nothing else seems to be equal in energy to 
jthe results we observe. A strong objection to this view has been re- 
moved by the observations of Dr. H. H. Hayes, of the Kane Arctic 
Expedition. 

On the north-west coast of Greenland, which is a vast glacier, the 
ice was founc^ to be progressing toward the coast over a country that 
was comparatively level. It had a movement not only down inclined 
sur&ces, such as the slopes of mountains, but along flat land, and even 
up inclinations that were opposed to its progress. If the temperature 
of Greenland or the Arctic Circle was brought down to latitude 40® 
north, glaciers would exist. Regarding the explanations of Agassiz 
and Desor as to the cause of the motion of glaciers to be correct, that 
it is not wholly due to gravity, there is nothing improbable in such a 
movement over a level country. 

Suppose the northern hemisphere during the ice period to have been 
covered with neve to the depth of several hundred feet, as Greenland 
is now. 

This field must have been first attacked by the heat of the sun on the 
side of the equator. Its southerly limit being at lat. 40®, it would be 
along this edge rather than upon the surface that it would be first 
melted. The conditions existing in all glacier regions would then be 
found, only the field would be a larger one. The alternate thawings of 
the day and freezings of the night would create a tardy, but a resistless, 
expansive force. On the north, the extent of the mass would be such 
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that in that direction there oould be no movement, and the expansion 
must produce all of its effect in a southerlj direction. Thus, so far as 
resistance in the rear gives rise to motion in front, the fixed mass of ice 
is equal to a central mountain chain. 

Admitting the probability of such a state of things, it follows that 
along the southern edge of this all-pervading glacier, fragments and 
masses of ice would be enclosed in and buried beneath the drift ma- 
terials. 

Sir John Richardson^ in 184:9-*50, while journeying down the Ma- 
kenzie river, discovered ice at different depths beneath the surface of 
the earth, even to several hundred feet. Although potatoes were raised 
in the soil at Fort Hope, it did not thaw during the short summer 
months more than two or three feet in depth. 

It is reported that in Patagonia huge piles of stones and ice are seen 
mingled together for years. 

My first impression on viewing the cavities at the head of the 
Oconto, was that they are due to si^sidence. In the cases just cited, 
if the mixed mass consisted more of ice than of earth and stoned, the 
surface should be one of pits and depressions. Hillocks or momines 
could only occur in such materials where the earthy and imperishable 
parts are in excess. When the proportions are about equal, there 
would be both cavities and moraines. 

In the southerly part of Wisconsin both forms are combined, bttt as 
we proceed northerly the sunken species increase, and the hillocks and 
ozars diminish. 

As we proceed northerly there is in them less of stratification and a 
closer approach to the true glacial moraines. 

In the present state of knowledge it is not easy to account for all 
the phenomena of the wefetern drift. They are, however, consistent 
with each other over large territories, as I endeavored to show the As- 
sociation, in 1852, by sections extending from Ohio north-we»terlj to 
the Lake of the Woods. 

In some places modifications of the drift have caused stratification in 
materials that were originally not so. 

The coarsest and most confused parts overlie everywhere the more 
fine and best stratified portions, but even in the most elevated beds 
composed in places almost entirely of coarse graVel and of rounded 
boulders, a rude stratification is sometimes seen. 
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These facts, somewhat contradictory, if we admit of but one trans- 
porting agent, may be reconciled on the supposition that in the earlier 
days of the drift period, glacier ice predominated, and as this diminished 
under the effect of increasing temperature, aqueous currents and float- 
ing ice prevailed. 



2. On the Origin of the Azoic Rocks of Michigan and Wis- 
consin. By Charles Whittlesey, of Cleveland, Ohio. 

The Azoic slates of the American shore of Lake Superior have been 
regarded as metamorphic rocks, derived from sedimentary beds more 
ancient than the Potsdam Sandstone. 

In Canada the " Laurentian" system of Sir Wm. Logan is consid- 
ered by him as having had the same origin. There is between the 
azoic system of the Michigan Reports and the Laurentian of Canada, 
much external resemblance, and there is also some similarity between 
^he Huronian of Canada and the copper-bearing range of Point Ke- 
wenaw. 

Are the *' azoic slates'* and the " Laurentian" identical ? 

Are they metamorphic ? 

Are the copper-bearing traps of Lake Superior and the Huronian 
one formation? 

These are questions not without interest. The "Laurentian" is com- 
posed of micaceous and homblendic gneiss, interstratified with impor- 
tant masses of crystalline limestone. (See Canada Reports of 1857, p. 
49.) 

These rocks are also spoken of as associated with feldspar and hy- 
persthene beds, and with dolomites, petro-silex, ophiolites, euphotide, 
lime garnet, diallage rocks, and magnetic iron ore. 

The characteristics of the specimens analyzed by Mr. Hunt are the 
presence of potash and soda, also silicates of lime, alumina, and oxid of 
iron. 

The Huronian is regarded by the geologists of the Provincial Survey 
as newer than the Laurentian, a heavy stratum of greenstone separating 
the two formations. 

In the "Huronian" of the Peninsula, between Lakes Huron and Su- 
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that in that direction there oonld be no movement, and the expansion 
must produce aU of its effect in a southerly direction. Thus, so far as 
resistance in the rear gives rise to motion in front, the fixed mass of ioe 
is equal to a central mountain chain. 

Admitting the probability of such a state of things, it follows that 
along the southern edge of this all-pervading glacier, fragments and 
masses of ice would be enclosed in and buried beneath the drift ma- 
terials. 

Sir John Richardson, in 184:9-50, while journeying down the Ma- 
kenzie river, discovered ice at different depths beneath the surface of 
the earth, even to several hundred feet. Although potatoes were raised 
in the soil at Fort Hope, it did not thaw during the short summer 
months more than two or three feet in depth. 

It is reported that in Patagonia huge piles of stones and ice are seen 
mingled together for years. 

My first impression on viewing the cavities at the head of the 
Oconto> was that they are due to stibsidence. In the cases just dited, 
if the mixed mass consisted more of ice than of earth and stones, the 
surface should be one of pits and depressions. Hillocks or moraines 
could only occur in such materials where the earthy and imperishable 
parts are in excess. When the proportions are about eqnal, there 
would be both cavities and moraines. 

In the southerly part of Wisconsin both forms are combined, but as 
we proceed northerly the sunken species increase, and the hillocks and 
ozars diminish. 

As we proceed northerly there is in them less of stratification and a 
closer approach to the true glacial moraines. 

In the present state of knowledge it is not easy to account for all 
the phenomena of the w^tem drifL They are, however, consistent 
with each other over large territories, as I endeavored to show the As- 
sociation, in 1852, by sections extending from Ohio north-weaterly to 
the Lake of the Woods. 

In some places modifications of the drifl have caused stratification in 
materials that were originally not so. 

The coarsest and most confused parts overlie everywhere the more 
fine and best stratified portions, but even in the most elevated beds 
composed in places almost entirely of coarse graVel and of rounded 
boulders, a rude stratification is sometimes seen. 
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Of this variously sized printing noticed above, as at the heads of the 
newspapers, that of the Edinburgh Evening Courant was the small* 
est ; the letters there, small Eoman letters, being a trifle more than a 
quarter of an inch in length; they are double lined, open and not full. 
If any person should think that it is nothing remarkable to be able to 
read such printing in the open air, at night, without extraneous aid, let 
him try such printing, or any other, and he will find how greatly he is 
mistaken. 

. This subject of luminousness in the atmosphere seems to have forced 
itself very strongly upon the attention of the aeronauts who lately 
made their ascent in the great balloon from St. Louis. Mr. La Moun- 
tain gives the following account : 

" Throughout the night (July 1, 1859, — the moon set at 8^ 
45™ p. M.) we were able, at all times, to distinguish the prai- 
ries from the wooded country below, even when at the altitude of 
two miles. We were floating in a sort of transparent vapor, which, 
without possessing any perceptible body, yet seemed to be made up of 
luminous particles. The effect of this light was very peculiar. It gave 
the balloon a phosphorescent appearance as though it were charged with 
fire. So powerful was this that every line of the netting, every fold of 
the silk, every cord and wrinkle was as plainly visible as if illumi- 
nated by torches, and I could, at any moment, tell time by consulting my 
watch. This phenomenon became more striking as we increased our 

altitude That it is not a natural feature of night above the 

earth's surface, is shown by the fact that when Charles Green, Mark 
Mason, and Lord Holland made their famous nocturnal voyage from 
London to Weilburg, it was so dark that it seemed as if the baUoon 
was passing through solid blocks of black marble." 

Mr. Gager^s statement of the same occurrence, as given in the Troy 
Times, was as follows : 

" The principal thing which the voyagers observed during the night 
was the prevalence, above and under them, of a remarkable phospho- 
rescent light, which seemed to invest every thing, and give it a peculiar 
appearance. It made the balloon look like a globe of fire seen through 
oiled paper, as Wise described it. It was easy to tell the woods from 
the open country by the belts of black lines which they indicated ; and 
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on crossing a body of water, it seemed as though the voyagers were 
passing between two sheets of flame of a mellow color, which lighted 
them up, and gave to their countenances, and to the objects immediately 
surrounding them, a peculiar hue. This phenomenon was as agreeable 
to those who witnessed it as it was remarkable." 

I have now given the facts of the case at present in my possession ; 
unless, indeed, we add to this strange luminousness of the atmosphere 
at night, per contra^ the equally remarkable occurrence in New England 
of what was called ^^ Ae dark dayi^ in the early part of the year 1780. 
The darkness came on at 9 a. m., no cloud in the sky, nor any fog be- 
low, — no apparent cause whatever for the phenomenon. People had 
to light candles as at night. This continued till 3 p. m. when the air 
brightened a little ; but before sunset the darkness returned, and the 
night was intensely black. I believe no explanation of that phenome- 
non has ever been given. 

What does it all mean ? It seems to me that we are not yet in suf- 
ficient possession of facts to enable us to draw satis&ctory conclusions ; 
but the subject is certainly a very interesting and important one, and 
well worthy of an effort for further knowledge by careful observations. 
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I. GEOLOGY AND PALEONTOLOGY. 

1. On the Drift Cavities, or "Potash Kettles" op Wis- 
consin. By Chas. Whittlesey, of Qeveland, Ohio. 

Along the summits or dividing ridge between the waters of Rock 
river and those of Lake Michigan, there are numberless crater-like 
depressions in the drift materials, which are called by the people '' pot- 
ash kettles." 

They are in the form of cavities, sunk below the general surface, 
ten, fifteen, and even one hundred feet, their outline rudely circular, and 
their sides as steep as the earth will stand. Mr. Lapham has traced 
them from the southerly line of the State, east of Beloit, along the 
height of land northerly, as far as the heads of the Sheboygan river, 
a distance of about one hundred miles. 

The materials in which they are found are the coarse drifl, such as 
everywhere in the west occupies the summit of the country. 

Between the State line and Lake Winnebago, the pebbles and boulders 
of the subjacent Niagara limestone constitute a large portion of the 
mass, with which sand and gravel are intimately mixed. 

I have traced them 150 miles further in a northerly direction to the 
Wissakote or Brule river. After passing beyond the sedimentary rocks 
above Lake Winnebago, the proportion of sand increases, and also the 
size and number of the boulders, which are mostly of igneous origin. 

To get an idea of the appearance of the " potash kettle " country, 
imagine a region of drift moraines inverted. Instead of a surface 
thickly set with rounded hillocks, suppose it to be occupied by cavities 
of irregular size and depth. 

If the grinder of a mastodon is reversed and impressed upon a piece 
of wax, the depressions which result, will represent the drift cavities as 
contrasted with drift elevations. In travelling through such a region the 
explorer frequently finds them so near together, that he no sooner rises 
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out of one than he is obliged immediately to descend into another, the 
diameter of which maj not be more than twice or thrice its depth. 

There is very seldom any water in the bottom, owing to the loose and 
porous character of the gravel drift. Boulders are seen at the bottom, 
on the sides, and on the surface around them. 

When they are thickly set, as at the source of the Oconto river, and 
no hillocks between, the rim or edge between them is sometimes so 
narrow that large boulders have not base enough to rest upon, and tum- 
ble down the sides. 

The internal slope is frequently straight like a funnel or inverted 
cone, but more often cup-shaped or curved in a manner correctly ex- 
pressed by the form of a kettle. 

In the prairie region of southern Wisconsin, timber grows within 
them, as it does on the adjacent lands, scattered in clumps or in sepa- 
rate trees, under the local name of oak orchards. 

Further north, in the thickly timbered country between the Fox and 
the Wissakote rivers, the cavities are filled with trees. 

Near the Wissakote, in T. 40 N. R. 18 E. (Wiscojosin meridian), at 
an elevation of 800 feet above Lake Michigan, they are more broad 
and trough-like in form, the drift is more sandy, and small lakes, ponds, 
or marshes are occasionally seen at the bottom. 

Of course the boulders and the gravel are here derived from the 
azoic and igneous rocks at the north. On the line of the survey for the 
" Chicago, St. Paul, and Fon du Lac Raihroad," in T. 34 N. R. 17 E., 
on the north of the Peshattego river, at an elevation of 660 feet, the 
"kettles'* are very numerous and sharply defined. Proceeding 
southerly, a series of them occur in T. 31 N. R. 17 E., about twenty 
miles north of the Oconto river, the summits of the country being 335 
feet above Lake Michigan, and 913 feet above the ocean. 

Those on the dividing ridge between the waters of the west branch 
of the Oconto and the Wolf rivers, in T. 32 N, R. 15 E., are at an 
elevation of 350 to 400 feet, and afibrd the finest instances of steep 
and well-defined cavities. While exploring that district in 184^, it oe- 
curred to me that these cavities could not be explained by the usual 
and well-known examples of aqueous deposits. Terraces and obl<Nig 
ridges of sand or gravel might be formed by currents and eddies acting 
upon loose materials. It is not difficult to perceive how mounds, irreg- 
ular elevations, and undulations could be thus built up by gradual aoore- 
tion (dwve the general surface. 
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But the formation of a system of depressions, of an uniform character, 
over large tracts of country without natural mounds or ozars, is some- 
thing quite different, in fact, quite opposite. And yet this has occurred 
in the drift, and must therefore be due to a phase of the drift phe- 
nomena. 

The rocks beneath the superficial materials in which these cavities are 
formed are everywhere polished and grooved by the drift forces. 

At the foot of the Alps, moraines are formed mechanically by the 
movements of glaciers, carrying forward earth and stones, that are 
finally left in rounded heaps on the more level country. Masses of ice 
become entangled with the loose materials, which in due time melt away 
and disappear. 

Without entering at large into a discussion of the drift force, I as- 
sume for the present purpose that, in the early periods of the drift 
epoch, it was glacier ice. Nothing else seems to be equal in energy to 
the results we observe. A strong objection to this view has been re- 
moved by the observations of Dr. H. H. Hayes, of the Kane Arctic 
Expedition. 

On the north-west coast of Greenland, which is a vast glacier, the 
ice was founc^ to be progressing toward the coast over a country that 
was comparatively level. It had a movement not only down inclined 
surfaces, such as the slopes of mountains, but along flat land, and even 
up inclinations that were opposed to its progress. If the temperature 
of Greenland or the Arctic Circle was brought down to latitude 40® 
north, glaciers would exist. Regarding the explanations of Agassiz 
and Desor as to the cause of the motion of glaciers to be correct, that 
it is not wholly due to gravity, there is nothing improbable in such a 
movement over a level country. 

Suppose the northern hemisphere during the ice period to have been 
covered with neve to the depth of several hundred feet, as Greenland 
is now. 

This field must have been first attacked by the heat of the sun on the 
side of the equator. Its southerly limit being at lat. 40°, it would be 
along this edge rather than upon the surface that it would be first 
melted. The conditions existing in all glacier regions would then be 
found, only the field would be a larger one. The alternate thawings of 
the day and freezings of the night would create a tardy, but a resistless, 
expansive force. On the north, the extent of the mass would be such 
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that in that direction there coald be no movement, and the expansion 
must produce aU of its effect in a southerly direction. Thus, so far as 
resistance in the rear gives rise to motion in front, the fixed mass of ice 
is equal to a central mountain chain. 

Admitting the probability of such a state of things, it follows that 
along the southern edge of this all-pervading glacier, fragments and 
masses of ice would be enclosed in and buried beneath the drift ma- 
terials. 

Sir John Richardson, in 1849-'50, while journeying down the Ma- 
kenzie river, discovered ice at different depths beneath the surface of 
the earth, even to several hundred feet Although potatoes were raised 
in the soil at Fort Hope, it did not thaw during the short summer 
months more than two or three feet in depth. 

It is reported that in Patagonia huge piles of stones and ice are seen 
mingled together for years. 

My first impression on viewing the cavities at the head of the 
Oconto, was that they are due to subsidence. In the cases just dted, 
if the mixed mass consisted more of ice than of earth and stones, the 
surface should be one of pits and depressions. Hillocks or moraines 
could only occur in such materials where the earthy and imperijshable 
parts are in excess. When the proportions are about equal, there 
would be both cavities and moraines. 

In the southerly part of Wisconsin both forms are combined, but as 
we proceed northerly the sunken species increase, and the hillocks and 
ozars diminish. 

As we proceed northerly there is in them less of stratification and a 
closer approach to the true glacial moraines. 

In the present state of knowledge it is not easy to account for all 
the phenomena of the western drift They are, however, consistent 
with each other over large territories, as I endeavored to show the As- 
sociation, in 1852, by sections extending from Ohio north-westerly to 
the Lake of the Woods. 

In some places modifications of the drifl have caused stratification in 
materials that were originally not so. 

The coarsest and most confused parts overlie everywhere the more 
fine and best stratified portions, but even in the most elevated beds 
composed in places almost entirely of coarse graVel and of rounded 
boulders, a rude stratification is sometimes seen. 
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These facts, somewhat contradictory, if we admit of but one trans- 
porting agent, maj be reconciled on the supposition that in the earlier 
days of the drift period, glacier ice predominated, and as this diminished 
under the effect of increasing temperature, aqueous currents and float- 
ing ice prevailed. 



2. On the Origin op the Azoic Rocks of Michigan and Wis- 
consin. By Charles Whittlesey, of Cleveland, Ohio. 

The Azoic slates of the American shore of Lake Superior have been 
regarded as metamorphic rocks, derived from sedimentary beds more 
ancient than the Potsdam Sandstone. 

In Canada the " Laurentian" system of Sir Wm. Logan is consid- 
ered by him as having had the same origin. There is between the 
azoic system of the Michigan Reports and the Lanrentian of Canada, 
much external resemblance, and there is also some similarity between 
•the Huronian of Canada and the copper-bearing range of Point Ke- 
wenaw. 

Are the *' azoic slates'* and the " Laurentian" identical ? 

Are they metamorphic ? 

Are the copper-bearing traps of Lake Superior and the Huronian 
one formation? 

These are questions not without interest. The "Laurentian" is com- 
posed of micaceous and homblendic gneiss, interstratified with impor- 
tant masses of crystalline limestone. (See Canada Reports of 1857, p. 
49.) 

These rocks are also spoken of as associated with feldspar and hy- 
persthene beds, and with dolomites, petro-silex, ophiolites, euphotide, 
lime garnet, diallage rocks, and magnetic iron ore. 

The characteristics of the specimens analyzed by Mr. Hunt are the 
presence of potash and soda, also silicates of lime, alumina, and oxid of 
iron. 

The Huronian is regarded by the geologists of the Provincial Survey 
as newer than the Laurentian, a heavy stratum of greenstone separating 
the two formations. 

In the " Huronian" of the Peninsula, between Lakes Huron and Su- 
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slates, trappose beds and roofing slates, mica slate, porphyries, sienitic 
« greenstone, quartzite, serpentine, &c. 

My field labels of 1849, 1850, and 1858, show the same rocks under 
the names of Titreoas, and vesicular quartz, greenstone, talcose slate 
(green and yellowish green), chlorite slate, trap, feldspathic rock, horn- 
blende rock, argillaceous slate, &c. 

The granitic and sienitic portions are described by all explorers alike, 
except these rocks are intimately blended as is frequently the case^ 

Immense deposits of specular iron ore in various forms are found 
throughout the series, associated with marbles ; the iron is sometimes 
magnetic, but in general is not so until it has been calcined. It is both 
fissile and compact like the other rocks ; it takes also the fibrous form 
like wood, with a silky lustre, and the micaceous in shiny scales; in this 
respect the iron obeys the same laws of arrangement as the slates 
which take all these forms. 

To the west of the Menominee, on the^waters of the Peshattego, the 
Occonto, and the Wolf rivers, is an extensive field of coarse red and 
gray sienite, with enclosed patches of hornblende rock, sometimes 
slaty, but more oflen compact. 

Along the boundary between the sienites and the azoic rocks, long 
narrow spurs run out from each into the other, alternating in such a 
majoner that I have been unable to determine the order of superposition, 
if there is any, or to separate them as to age. 

The Potsdam rests on both without disturbance ; neither do I in this 
region find evidences of protrusion of the granites and sienites among 
the slates. 

The great diversity of names bestowed upon specimens from the wa- 
ters of the Menominee, led me to submit a full series of them to the 
test of analysis. I am not aware that the rocks of the Huronian and 
Laurentian have been thus examined as a system. 

Those of my collection that are classed as marbles, and the speci- 
mens of iron ore, have not yet been completed. The marbles will 
probably prove to be dolomites and serpentines. Of the so-called mag- 
nesian slates and trap-like compact rocks, I made (15) fifteen groups 
as nearly alike within themselves as the arrangement could be made by 
external characters only. They were analyzed for the Wisconsin Sur- 
vey, by Professor J. L, Cassels, of the Cleveland Medical College. 

Before presenting the results, I will state .that the extensive green 
and dun-colored azoic slates on the waters of Bad river, south of La 
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Fohite, and which embrace immense beds of magnetic and specular iron 
ore, both slaty and compact, cannot be distinguished hj the eye from 
diose of the Menominee, the Matchegummi, and the Wissakote rivers. 

There is also on the St. Louis river, west and north-west of Lake 
Superior, an extensive and heavy bed of green slates that underlie the 
trap beds of the north-west coast of the Lake. These slates graduate 
into hornblende rocks. 

The trap rocks are here intercalated in great force with the Potsdam 
sandstone and conglomerate like the copper-bearing trap of Point Ke- 
wenan, and are therefore the same age. 

Still further in the interior, about the sources of the St Louis and 
Vermillion rivei*s, are granite, sienite, gneiss, and mica slate. 
' The area occupied by the azoic rocks of the American waters of 
Lake Superior is, therefore, very extensive. They are everywhere 
Ibund beneath the oldest of our fossiliferous strata, and are also more 
ancient than the trap outbuists of the silurian epoch. They contain 
numerous but limited veins and nests of quartz, both vitreous and ferru- 
ginous, in which copper and iron pyrites are found in small quantities. 

On the Bad river there are enclosed masses of sienite apparently 
eontemporaneous with the schists as on the Oconto and Peshattego ; 
ihere are in the sienite, enclosed bodies of slaty hornblende. The so- 
called magnesian slates pass everywhere into hornblende rocks, and in 
general they abut upon or are mingled with granite or sienite. In but few 
eases are they disturbed by upheavals, but appear in general to have 
remained quiescent from the date of their origin. The lamination has 
no apparent consonance with the bedding or stratification, which latter 
is very difficult to determine. 

Jn the report for Wisconsin are tables in which the strike of these 
rocks is given in connection with the strike and dip of the laminaa 
where they are seen to be at all angles with each other. There seem 
to have been wrinkles and corrugations, but few uplifts. 

The thickness of the system and its dip cannot, therefore, be given 
or even estimated with any reasonable approach to the truth. 

To determine its physical geology with certainty, requires farther ex- 
amination in districts very difficult of access, and to hx. its mineralogical 
character requires a complete series of ansdyses. 

Perhaps when this is done the same simplicity of composition may' 
be found to hold among specimens broadly different to the eye, as is 
disclosed in the following table. 
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To be final these analyses should be extended to all the forms and 
aU the supposed varieties of the azoic rocks of the north*west, but those 
here given unfold new views in regard to their classification. Among 
them there is no instance of the presence of potash or soda^ a fact 
which places them without the feldspar family in any of its numerous 
varieties. In the Laurentian, so far as I have seen the analyses, these 
alkalies are always present. If, therefore, the azoic slates are meta- 
morphic, their derivation must have been from beds of a different com- 
position and of difierent age from those in Canada. 

In the Laurentian, magnesia ^s a prominent ingredient, rising as high 
as thirty per cent., but here, although it exists in small quantities, from 
a trace upward, it in no case reaches five per cent Acting upon the 
theory of metamorphism, it is necessary to suppose two sedimentary 
systems, both older than the Potsdam, which have everywhere lost aU 
vestiges of their original condition. 

As to the modifying power of heat, it could extend no further than 
to a change of arrangement in the particles of the bases and to a dimi- 
nution or increase in the gaseous constituents. We have in numerous 
instances on the American shores oi Lake Superior a clear view of the 
contact between trap rocks, regarded by all as eruptive, and the Pots- 
dam sandstone, where no material change has taken place. For hun- 
dreds of miles there are unaltered or slightly altered beds of this sand- 
stone between beds of trap. In this region, therefore, the pnly positive 
evidence we have is against the idea that the intrusive rocks work a 
change in the structure of the sedimentary ones by heat alone. Is the 
fact of metamorphism so universal as to authorize us to infer it without 
evidence ? 

The oldest sedimentary beds in that region, which are among the 
most ancient of the palaeozoic series, have been greatly disturbed by igne- 
ous outbursts without losing their stratification. Among the azoic slates 
the disturbances are few, and yet it is impracticable to determine with 
any approach to certainty, whether any order of superposition prevails 
among them. At the same time no adequate cause is visible whereby 
•a stratification if it once existed, could have been destroyed. 

In the Alps, where fossihferous beds have undergpne metamorphism, 
there is proof of the. change, the same strata are traced, laterally £n>m 
one condition to the other. 

In general, the metamorphic rocks are gneissoid, but the azoic slates 
do not contain the alkalies without which mica cannot be formed. 



QEOLOOT AND PALEONTOLOOT. 307 

Thej are shown to be hornblende rocks, possessing great uniformity 
in the character and number of their constituents, though varying in 
proportions. The only alkali is lime. They are highly silicious, the 
silex in most cases in excess ; and therefore in a free state like quartz, 
there is not magnesia enough to give rise to serpentine, in a single in- 
stance. The green and dun color seems to be due to silicates of iron, 
and not to chlorite, or to silicates of magnesia. There is not alumina 
enough to bring them into the category of clay slates, and the usual 
alkalies are wanting. The black portions receive their color from a 
small portion of hornblende and from the black oxide of iron. 

There are between the Michigan and the Canadian series resem- 
blances in the presence of crystalline limestone, and of ores of iron. 
Crystalline limestone also exists in the Huronian of Sir Wm. Logan, 
but it is not found in the copper bearing range of Point Kewenaw. 

The presence of dolomite and marble is a fact favorable to the idea 
of metamorphism, but is it so conclusive as to do away with other facts 
of an opposite bearing ? 

Heavy beds of greenstone of acknowledged igneous origin are in- 
cluded in the Huronian and the Laurentian ; on the waters of Lake 
Huron — are they any more of an intrusive character than the slates 
with which they are associated ? 

There are in the region of the Menominee instances of metamor- 
phism at the edge of the Potsdam sandstone, where its outcrop rests upon 
the azoic slates. Those instances will be noticed in the forthcoming 
report for Wisconsin. The sandstone retains its original bedding and 
aspect, and in some cases ripple marks, but has at present the compact- 
ness, toughness, and color of vitreous quartz. 

It is easily distinguishable from the quartz and quartzite of the slates, 
which is often vesicular, ferruginous, and without lines of bedding. The 
metamorphic quartz is, however, very limited in extent. It has the 
form of outliers resting on the azoic rock beneath, in which there are 
no signs of disturbance. There is, so far as I have seen, no evidence 
of the operation of heat arising from contact or the nearness of erup- 
tive rocks. Unless the whole azoic system is eruptive and igneous the 
parts associated with the metamorphic quartz would not be so consid- 
ered. Without going into the discussion of a theory to explain the 
limited changes effected upon the Potsdam sandstone by contact with 
the slates, I merely state that the agent is probably not heat 

The presence of so much iron, it seems to me, is adverse to the 
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tfaeoiy of metamorphUm. In combination it yaiies from two to tlurty 
per cent of the Bpedmeiu analyzed, none of which were selected as 
oreB, and few of them exhibited signs <^ that metaL The ores proper 
range from fifty to seventy-five per cent, and ecmstitute a hirge portion 
of the system. It is necessary to have seen the nnmber and extent of 
the exposare of iron slates and masses, to comprdiend the quantity. The 
marbles are comparatively limited, but iron is oniversal. We know of 
no sedimentary formations so thoroughly charged with it. Iron and 
rilex are the prevailing ingredients ; alumina and lime exist in importasnt 
proportions, but rising no higher than (12) twelve per cent. Hiese voAb 
are associated in the closest physical relations to those that are miiver* 
sally considered as of igneous origin — why should they be separated? 
The igneous rocks are made up of silex, feldspar, hornblende, and mica ; 
these aro c<Hnposed substantially of silex, iron ore, and hornblende. In 
the first, the alkalies are lime, potash, and soda ; in the last, lime only, 
but the protoxide of Iron, magnesia, and manganese act the part of 
bases in hornblende. Sienite, whidi is here fiir more widdy diffused 
than granite, is composed of quartz, feldspar, and hornblende. The 
analyses, so fiur as they have extended to the azoic To6ka in contact 
with the sienites, are composed essentially of hornblende, quartz, alumi- 
na, and iron ; the last two as silicates. To form serpentine maiUes 
from such material, only requires an exercise of the well-known pro- 
cess of segregation and separation of like substances that appears in all 
rocks. The iron ores necessarily result from the conc^itration of the 
excess of the oxides present Is the difference sufficient to authorise a 
separate and widely diflerent origin to the two series ? 



3. Recent Researches in the Devonian and Cahboniferous 
Flora op British America. By J. W. Dawson, of Mon- 
treal, C. E. 

[Abstract,] 

1. Devonian Land Plants of Grospe, Lower Canada. — The plants 
described occur in the Gasp^ sandstones of Sir W. E. Logan, whidi 
are associated with beds containing marine fossils of Devonian age, and 
underlie the lowest carboniferous rocks. The forms noticed were as 
follows : 
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Pnlophyton (n. g,). Lycopodiaceoua plants, branching dichoto- 
mouely, and covered with interrupted ridges or closely appressed minute 
leaves j the stems springing from a rhizome having scattered circular 
areoles sending forth cylindrical rootlets. Stems consisting of an axis 
of scalariform vessels surrounded by cellular tissue, and externally 
by a cortical layer of elongated wood cells. Fructification ? in lateral 
masses protected by leafy bracts. 

The typical species P. princept is extremely abundant in the Gasp^ 
eandaloned, its rhizomes, which are usually from half an inch to an inch 
in diameter, completely filling some beds. In addition to the stigmar- 
ria-like areoles, they are covered with minute punctures, probably 
raarkg of ramenta. The stems are very slender and glossy,.and curve 
circinately in vernation. The fructification appears to consist of cu- 
aeate clusters of bracts. The growth of thia plant haa in one place 
produced a layer of coal about an inch in thickness. 

P. robwtius is a second speciea, of which only a few examples were 
obserred ; its stems are thicker and bifurcate very frequently, while the 
ridges upon them are finer than on P. princepa. 

Fragments of these plants have no doubt been the originals of many 
so-called fucoida, of the genera Ghondriits and Haliurites; and when 
flattened the branchlets might easily be mistaken for fern leaves of the 
geuMQ Sehixopterit and Trichomanitet. The rbizomea, if taken sep- 
arately, would belong to the genus Kantenia. 

Lepidodendrott. L. ffospianum is a apecies with slender stems, and 
acuminate elltplical areoles with central leaf scars. The areoles are 
two lines long and one line broad, in stems two inches in diameter. 
The leaves are thick at the base, short, slightly ascending and then 
curving downward. This species is closely allied to L. chemumgeme, 
Hall, and L. nolhunt, Unger; and perhaps all may prove to be varieties 
of one species when more perfect examples are procured. 

Protolaxitei (a. g.). "Woody trunks with concentric rings of growth 
and medullary rays. Cells of pleureachyma not in regular series, 
thick-walled and cylindrical, with a double series of spiral fibres and 
traces of disks. 

P. Logani is a spedes of which one example, eighteen inches in di- 
ameter, has been found. It is the coniferous tree described and figured 
is the proceedings of the Meeting of the American Association for 
1856. 
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Fragments found with the aboye, indicate the existence of species of 
Knorria and NoeggeratheOy and of plants allied to Ccdamiies, The plant- 
bearing beds contain fish spines (Maeluaraeantkus) Beyrickea, lip^ 
marks, shrinkage cracks, and impresaons of nun "virlri^ 

2. Vegetable Structures in the Otxd of Nova Scotia. The aothor 
bad so far perfected the methods of preparing spedmens of coal bj 
the action of nitric acid, as to be able to make out with great dis- 
tinctness the tissues remaining, whether in the state of mineral char- 
coal or of compact coaL In the mineral charcoal he bad firand disci- 
gerons and scalariform tissues of sigiUaria^ stigmariaj cakaniteg, and 
conifers, scalariform vessels of lepidodendrony ulodendron, and ferns, 
large spiral dacts, perhaps of some monocotyledenoos plant The dis- 
dgerous and scalariform tissues of sigiSaria and caJamites and the 
scalariform tissues of stigmaria largely predonunate. In the coarse, 
earthj coal, there is much debris of leaves and herbaceous plants 
especiallj of Noeggeraihecu* The shining compact coal counts priaci- 
pally of the flattened bark of SigiUarue, with such portions of woodj 
matter as escaped the suba&rial decay necessary to the production of 
mineral charcoaL 

The general conclusions deduced were : — That the mass of the coal 
consists of the remains of the gymnospeimous families SigiUariiB and 
CakaniteiE ; that it was accumulated by growth in situ on swampy 
flats; that in the process immense quantities of the more perishable 
vegetable matters disappeared by decay; and that the growth of coal 
was exceedingly slow. 



4. COKTRIBUTION TO THE EtSTORT OP THE LaTTBENTIAK LIME- 
STONES. By Sir W. Logak, of Montreal, Canada. 

Sib William Logan exhibited to the section, a map on which was de* 
lineated in detail on the scale of an inch to a mile, the distribution of 
some of the bands of crystalline limestone interstratified with the gneiss 
of the Laurentian series of rocks on the north side of the Ottawa river, 
about forty miles above MontreaL This, he explained, was a continua- 
tion of similar work shown at the Montreal meeting of the Association. 
By his recent exploration, two additional bands of limestiMie had beoa 

* Perhaps Cordaiies, 
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ascertained to underlie the lowest of those previously examined, the 
whole of the strata associated with these lower three, including the 
limestones, heiDg supposed to be about 15,000 feet thick. These three 
bands are separated from one another by gneiss, a lirge portion of 
which is porpbyroid or coarse-grained, the feldspar being almost wholly 
orthoclase ; whereas, as was stated at the Montreal meeting, calcareous 
bands above them are largely associated with labradorite. Intercalated 
with the coarse and massive orthoclase gneiss, were frequent beds, 
which may be ctiaracterized as mica elate, and approaching the calca- 
reous bands are beds of hornblende rock, and quartz rock, these latter, 
and sometimes bands of nearly pure white orthoclase, when immedi- 
ately near the limestone or interstratified with it, being very often 
thickly studded with pink garnets ; one of the beds of white and neariy 
pure quartz rock, which was traced for a mile and a half, presented a 
thickness of 1,000 feet. No instance of clay slates was met with. 

These strata are exceedingly corrugated, and the outcrop of the 
limestone presents a multitude of sharp turns resulting from small pli- 
cations subordinate to more important synclinal and anticlinal forms, 
the axes of which appear to run nearly north aud south. Some of 
these axes have now been traced up the Rouge, a tributary of the Ot- 
tawa, for a distance of fifty miles in a straight line. 

Although the Laurentian series has hitherto been considered azoic, a 
search for fossils in them has not been neglected. Such search is 
naturally connected with great difficulties. Any organic remains which 
may have been entombed in these limestones, would, if they retained 
their calcareous character, be almost certainly obliterated by crystalliza- 
tion, and it would only be through their replacement by a different min- 
eral substance that there would be a chance of some of the forms be- 
ing preserved. Ko such instances had been observed on the investiga- 
tions of the Bouge and its vicinity, but from another locality in the 
Laurentian formation, Mr. John McMullan, one of the explorers of the 
Geological Survey, had obtained specimens well worthy of attention. 
They consisted of parallel or apparently concentric layers resembling 
those of the coral SlroTnatocerium, except that they anastomoze at va- 
rious parts ; the layers consist of crystalline pyroxene, while the inter- 
stices are filled with crystallized carbonate of lime. These specimens 
bad recalled to recollection others which had been obtained from Dr. 
WilwKi of Perth gome years ago, and had not then been regarded with 
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sufficient attention. In these similar forms are composed of green con- 
cretionary serpentine, while the interstices are filled with white crystal- 
lized dolomite. If it be supposed that both are the result of mere un- 
aided mineral arrangement, it would seem strange that identical forms 
should result from such diflferent minerals in places very far apart If 
the specimens had been obtained from the altered rocks of the Lower 
Silurian series, there would have been little hesitation in pronouncing 
them to be fossils. The resemblance of these forms to Stromaiocenum 
from the Birdseye limestone, when the coral has been replaced by con- 
cretionary silica, is very striking. In the pyroxenic specimens, the py- 
roxene and the carbonate of lime being both white, the forms although 
weathered into strong relief on the surface, are not perceptible in fresh 
fractures until the fragments are subjectied to an acid, the application of 
which shows the structure running throughout the mass. Several spec- 
imens of these supposed fossils were exhibited to the Section. 



5.* Eemabks on the Discovert of a Terrestrial Flora in 
THE Mountain Limestone of Illinois. By A. H. Wor- 
THEN, of Springfield, Illinois. 

In the autumn of 1851, while engaged in constructing a section of 
the Ohio bluffs on the Illinois shore, from the mouth of the Wabash to 
Cairo, a bed of shaly sandstone was found in Pope county, intercalated 
in the upper Archimides or Chester limestone, containing terrestrial 
plants in a fine state of preservation ; and subsequent investigations 
have brought to light other localities where similar fossils may be found 
occupying the same geological horizon. 

These fossils afford us the first evidences yet obtained, of the exist- 
ence of terrestrial plant-bearing conditions in the valley of the Missis- 
sippi, at a period long antecedent to the true coal-bearing epoch. 

The Devonian beds which have afforded remains of terrestrial plants 
in New York, Maine, and Nova Scotia, yield at the west oijy marine 
organisms ; and it is not till we reach the mountain limestone series in 



^Abstract from the First Annnal Beport of the Ulinoia Geological Survey. 
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the ascending order, that we find a well-marked flora of a terrestrial 
type. 

The Chester limestone usually consists of three suhdivisions, — an 
upper and lower limestone, separated by a bed of arenaceous or calca- 
reo-argillaceous material, and it is from the latter bed that the fossila 
now under consideration have been obtained. 

The upper limestone, which immediately overlies and rests upon the 
plant-bearing bed, is a massive gray limestone in regular beds, with ar- 
gillaceous partings between the layers, and attains an aggregate thick- 
ness of forty to sixty feet. It is filled with well-marked mountain 
limestone fossils, among which are the screw-shaped Fenestella or Ar- 
chimides, two or three species of Pentremites, and among them the P. 
obesus of Lyon, the most gigantic species at present known ; Spirifer 
incrassatus, Athyris sub-quadrata, and A. sub-lamellosa of Hall, together 
with several undescribed species of Mollusca and Crinoidea. 

The fossils in this limestone are all specifically distinct from those of 
the coal-measures, not a single species having been yet identified as com- 
mon to both. We are thus enabled to establish, in a most satisfactory 
manner, the geological horizon to which these plants belong. 

We find among them representatives of the genera Stigmaria, Sigilla- 
ria, Knorrhia, and Lepidodendra, but of species quite distinct from those 
at present known in the coal-measures of the adjacent region. They 
do not appear to have been drifted from any considerable distance, but 
indicate the proximity at this period of adjacent land, — the coast of 
45ome ancient continent or island shore, the position and boundaries of 
which cannot at the present time be determined. The fact, however, 
that the whole sub-carboniferous series thins out. rapidly to the north 
and east, renders it quite probable that this ancient coast line may have 
been in that direction. : 

The paleontological bearing of this discovery we shall not attempt 
to discuss at the present time, as the collection will soon be placed in 
the hands of a competent fossil botanist for investigation, and we confi- 
dently expect the localities already known will afibrd the material for 
an important contribution to the fossil flora of the palaeozoic era. 

VOL. xin. 27 
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6. Observations on the Geology of the Rocky Mountain 
Chain in the vicinity of Santa Fe, New Mexico. By 
William P. Blake, of New Haven. 

[abstract.] 

Very little was known of the rock formations of the region about 
Santa F^ until the visit of Dr. Wislizenus and of Lieutenants Abert 
and Peck, in 1846-47. Their collections and observations served to 
show the presence of Cretaceous formations in the valley of the Rio 
Grande, but were not sufficient to determine the ages of other forma- 
tions. In 1853-54, Mr. Jules Marcon crossed the mountains and made 
known the existence of formations of the Carboniferous period on the 
eastern slopes of the Santa F^ range. Having made a tour of explo* 
ration through the region in 1857, 1 present, in brief, some of my ob- 
servations. 

The Santa F^ mountains are a par tof the great Rocky Mountain 
system. From a few isolated points or knobs which scarcely appear 
above the general level of the broad plateau, a few miles south of 
Santa F^, they gradually rise to a majestic altitude — from 10,000 to 
13,000 feet — and extend northwards in a succession of lofty ranges 
and peaks to the head-waters of the Arkansas. The city of Santa Fe 
is situated at the eastern base of the range, at an altitude of nearly 
7,000 feet above the sea. At this point the central axis of the moun- 
tains is formed chiefly of metamorphic rocks, probably Silurian and 
Cambrian and older, consisting of gneissose and micaceous slates, with 
large numbers of intersecting granitic veins, in which a pink or red 
feldspar is very abundant. A ridge near Taos is not so highly meta- 
morphosed, and the rocks are very slaty. A homblendic slate, contain- 
ing garnets, very similar to that found at Hanover, New Hampshire, 
occurs here. On the western slope of the chain the metamorphic slates 
are overlaid by strata of the Carboniferous period, and possibly by De- 
vonian beds. The low hiUs and ridges directly east of the city, and at 
the base of the high ridges, are composed of Carboniferous strata, over- 
laid by a deep red soil and deposits of detritus or drift from the moun- 
tains. It is possible that strata of Permian and Triassic age also occur. 
In a ravine one mile east of the plaza the strata are exposed, and 



AND FALEONIOLOGT. 31S 

consist of altemaUng beds of gray sandstone with beds of bluish gray 
and reddish limestone, of varying Ihickneases, and a coarse, ferruginous 
red sandstone at the base. The limestones are fossiiiferous, containing 
products, spirifers, altbyris, and encrinites, characteristic of the cotd- 
measures. The stratification is very regular, and inclines to the west 
The lower beds of sandstone show the action of varying and rapid cur- 
rents at the time of their deposition, and the sur&ces present fine rip- 
ple maris of lai^e size. A short distance aouth of this exposure there 
IB a quarry in the lifoestone, from which blocks for the constnictioh of 
the new hall for the territorial legislature were obtained. The lime- 
stone is very hard and full of upper Carbomferoue fossils. 

A quarter of a mile east, the Carboniferous strata are seen to rest 
upon the uprtuised edges of the metamorphic slates, at an angle of forty 
degrees. Here we find an alternation of strata of sandstone, Bhales, 
and limestone, with bituminous layers, and probably in some places 
seams of coal. The limestone beds are highly charged with encrinites 
and corals. At another point, near by, in an exposure of less extent, 
a similar successitHi of strata were found, and with them a bed of im- 
pure bituminous coal, &om one to two feet thick. Beyond, in the same 
ravine, is a great body of bluish and black shales, with a coal seam at' 
the base. Several of the outcrops have been dug into, to obtain coal, 
but it had not been found in a seam thick enough to be worked wiUi 
profit The shales and coal were so much broken down at the exterior, 
that it was not possible to obtain a correct measurement of the thick- 
ness of either. The coal is seamed and divided by thin plates of sele- 
nite, and the shales are stained by oxide of iron, and a strong sulphu- 
reous odor indicates the decomposition of pyrites. A large number of 
fossils were obtained here, and beautiful impressions of ferns and coal 
plants were found in the shales. Specimens of these have been exam- 
. ined for me by Prof. 1*0 Lesquereux, who identifies two species, Cor- 
daitei corastifolia and Sphenopteris latifolia, both of which indicate the 
synchronism of the Santa Fe coal-beds with the anthracite and Illinois 
coal, placing its horizon with the Freeport or Fomeroy coal of Ohio, 
or the first below the Mahoning sandstone. It thus becomes probable 
that in the saudstone beds of the sections observed we may have the 
equivalent of the Mahoning sandstone. 

Anthracite Coal. — About twenty-seven miles south-west of Santa 
F^ on the flanks of the Placer or Giold Mountains, there are workable 
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bods of coal, and specimens which I procured are excellent anthracite. 
Several tons of it were taken out a few years since and carried to 
Santa F6f but its characters and the methods of igniting and burning it 
not being understood, it was not liked. The quality is excellent, and it 
oannot but be very valuable in that region where timber is scarce. It 
is of especial importance to the country for its bearing upon the ques- 
tion as to the location of a railroad route to the Pacific. Here is, in 
all probability, an inexhaustible supply of the most appropriate fuel for 
locoi\iotives* The strata with which this bed occurs are probably the 
prolongation of those at Santa F^, but there was not an opportunity to 
examine them closely. 

On the Galiateo, about fifteen. miles south-west of Santa Fe, there 
are extensive outcrops of ferruginous and yellow sandstones, associated 
with beds of black shales. Beautiful exhibitions of diagonal stradficai- 
tion and ripple marks are abundant. 

Iil(fst0m shp€ of the Mountains. — The formations of the eastom 
slope were examined at several points along the road from Santa Fe to 
Port Union, and beyond to the Puerto. After passing the granitic axis 
tlio first stn\tified rock is a dark chocolate-colored sandstone, dipp^g 
east, and a sandy conglomerate. A bed of limestone crops out 
but could not be examined. In the Great Canon stratified 
oacb side are well exposed to view, and are evidently in bold flexures, 
wliicb die out as the distance from the mountains increases. Xo fos^^ 
wi^re obtained here, but the fi>rmations at the base are believed to be 
CarbonitVrotts> while those above are possibly Permian and Triassic 

IWyvnid* to the east, the strata are nearly horizontal, and form d« 
table lands about the Pecos Valley. The escarpments of the» 
kuid$ akkug the broad valleys of erosion, present beautiful secticos 
the rocks as well as the most picturesque views. The bluffs* whicJi 
to the height of fram four to six hundred feet, exhibit a snccesioc 
white^ $^y« ^^^ ^^ sandstones, with red shales and marls, aod 
and iheie a lay^r of snow-white gypsum. 

Vpj^r CarbonifeivMis limestone is exposed at Bemal Springs, w: 
1 obnuned <^iaraetexi$ue lUssiK identical in appearance with those 
laiiKd br Mr* Maiee^i at the Peees villases in lSo3, This k oreri 
by a great thickness of red and gray sandstones, apparenth- 
<^:>c$$ll$«. which may be regarded as either Upper Carboniferoas, Per 
Tria$sk\and Jurassk'.or allof these, tor the strata are cocfonnab^;. 
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there is no line of demarcation. The color is an unimportant charac- 
teristic, for the rock is frequently red without and white within, and 
parts of a bed are often white and others red, the coloration being due 
in part to the infiltration of ferruginous water. 

Hocks at the Puerto, — Beyond Tecalote there is a second axis of 
granitic rock similar to that at the Santa F^ range. Stratified rocks 
are uplifted on its eastern flank, and form a belt of low hills through 
which there is a remarkable pass or cut called the Puerto, or gate, 
leading out upon the broad prairies. There is here a fine section of 
sandstones and shales, the latter being olive-green, and containing beds 
of nodular limestone. These strata by alteration would form red shales 
and bands of gypsum. They are probably the equivalents of the form- 
ations about Pecos. 

Absence of Lower Carboniferous or Mountain Limestone. — In all 
these sections I failed to recognize any well-defined bed of limestone at 
the base of the coal-measures containing fossils characteristic of the 
sub-carboniferous limestone. It appears to be absent at the localities 
visited, the coal-measures resting directly upon the upturned edges of 
the older rocks, though it is possible that the thickly bedded red sand- 
stone wiU be found to be the equivalent of the Devonian. 

It is certainly very interesting to find beds of coal so far west, char- 
acterized by fossils identical with those of the Appalachian coal-field, 
and at an elevation of from seven thousand to twelve thousand feet 
above the sea, for it is probable that in places the coal extends to the 
very summit of the mountains with the associate rocks, which are 
known so to occur. 

The beds of limestone, so far as seen, are thin, not exceeding forty 
feet in any one bed. It is not possible now to assign the thickness of 
the whole series of the rocks which must there be referred to the coal- 
measures, but it is probably less than 1,000 feet. 

Cretaceous. — No fossils or other indications of Jurassic rocks were 
observed. Cretaceous strata were not seen along the Santa F4 road 
until the Puerto was passed beyond Fort Union. This formation pre- 
sents bold bluflfs along the north fork of the Canadian, with beds of 
slaty limestone containing inoceramus. 

Volcanic Rocks. — The table lands of the Rio Grande, especially 
those on the west side, at the base of the Sierra Madre, are generally 
capped by horizontal layers of basaltic lava, forming mural faces along 

27* 
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the streamg and canons. These are well described bj Messrs* Feck 
and Abert, by Wislizenus, and bj Marcou* On the eastern slope of 
the mountains, broad lava plains are seen in the neighborhood of Fort 
Union, and lava is found far out upon the prairies in the isolated moonda 
known as Babbit Ear and Wagon Mound. The former has the appear- 
ance of a volcanic cone, now extinct, but with the crater weU defined. 

Mineral Resources. — Gold Mines. — The mineral resources of the 
region are extensive and varied, coal, iron, copper, lead, gold, and sil- 
ver being found in quantity ; but having already made a communica* 
tion on this subject to the Boston Society of Natural History, no fur- 
ther reference is necessary. I would, however, again call attention to 
the probability that the gold placers of New Mexico, so long known 
and worked with success, are probably connected with the recently dis- 
covered mines at Pike's Peak and on the head waters of the Arkan- 
sas. 

The examination of the Carboniferous strata of the Bocky Moun- 
tains led me to conclude that the wide expanse of the great Carbonifer- 
ous sea which covered the continent, was broken at intervals by islands 
along the course of the Bocky Mountain chain, and that we there had 
shores from which in part the materials for the coarse-grained thickly 
bedded sandstones were derived ; and that, as in the Appalachians, the 
sandstones of the coal-measures predominate in bulk over the lime- 
stones, which last may be believed to gradually increase in thickness 
towards the Mississippi and southerly, while the sandstone beds thin 
out Thus, while we find the coal-measures thinning out from a thick- 
ness of six to ten thousand feet in Pennsylvania, to about seven hun* 
dred or a thousand feet in Missouri, we will probably find a point of 
maximum thinness somewhere in Eastern Kansas, and that theore is a 
gradual increase of thickness* of the sandstones at least, westward 
toward the line of the Bocky Mountains. The present great elevation 
of the strata, 12,000 feet above the sea at some points, may be referred 
not only to a great continental elevation, but to local uplifts and plica- 
tions. This last is an interesting point — the existence in the distant 
and central chain of the Bocky Mountains of a geological structure 
corresponding to the plications and flexures of the Appalachians. 

In regard to the existence of Permian strata and those of the second- 
ary period, I wish to be fully understood. The only horizons I have 
identified by fossils are the Coal-Measures and Cretaceous. Between 
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these, in that region, there is a series of strata in which we have, in 
all probability, representatives of the Permian, Triassic, and Jurassic 
formations — a probability rendered strong by the recent discoveries of 
Permian strata by Dr. Shumard in the Guadalupe mountains, much 
farther south in the Rocky Mountain system, and in Kansas by Messrs. 
Meek and Hayden, and by Swallow and Hawn ; the former have abo 
brought Jurassic fossils from the Black Hills in the north. 

There is no reason to change the opinion advanced at the Albany 
meeting in August, 1856, that the strata along the Canadian, referred 
to the Jurassic period by Mr. Marcou, are in reality Cretaceous; while 
it is certain that the formations of the broad expanse of the Great 
Plains between the head waters of the Canadian and the settlements of 
Eastern Kansas are Cretaceous, and more modern, rather than Ju-- 
rassic. 



7. Relation of the Biveb Tebbaces of Soxttherk Ohio to 
THE Dhift and Deift THEORIES. By E. B. Andrews, of 
Muietta, Ohio. 

The valleys of southern Ohio are all valleys of erosion. These val- 
leys extend in all directions among the hills, deflecting in very wayward- 
ness, to every part of the compass. With the exception of those of the 
largest rivers, they have all been formed chiefly by the drainage of those 
rains which have fallen upon the immediate surface. The innumerable 
lateral valleys extending in every possible direction could only have 
been eroded from the horizontally stratified rocks by agencies local in 
their origin. These agencies have, with unconscious art, rounded all 
the hills and made them beautiful. 

In the valleys of the Ohio and its larger tributaries, from the northern 
side, are found, at an elevation of about eighty feet above low-water 
mark, a large number of terraces, composed of stratified sands and 
gravel, with an occasional seam of fine clay. These terraces group 
themselves into a series, and invite the attention of the geologist. From 
instrumental examinations made, these terraces are found to correspond 
in elevation, allowance being made for the natural fall of the stream. 

They were all formed during an epoch whi^ may be called the 
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terrace epocli, and in which the waters of the streams were much higher 
than at present 

As the materials of the terraces came chiefly from the drill, once 
deposited in the central and upper part of the State, the excess of 
water, beyond the present nataral drainage, must have been derived 
from the north. In addition to drift materials from north of the lakes, 
we And in the gravel, Devonian fossils from the northern part of Ohio, 
and in the terraces of the more eastern streams, pebbles of coal from 
Onr Carboniferous rocks. 

So far as I am able to ascertain, there are no terraces whatever 
along any of the streams arising south of the Ohio, nor on any streams 
on the northern side whose head waters are not within the limits of the 
drift. 

That the high waters of the terraced streams were not always turba- 
lent and furious, is seen in the fact, that sometimes they remained in a 
quiet slate long enough for the fine clay seams, now found in the ter- 
races, to be deposited. But that they sometimes flowed in strong and 
fierce currents is evident from the very remarkable effects produced 
upon the adjoining hill-sides. All the bills were originally rounded. 
Along these terraced rivers we often And the half of these rounded 
hills gone. On the river side is a cliff, but the opposite side always 
slopes down into some valley, almost as deep as that of the river itselC 



Tbe hiUa as lefc by the original eroding forces. 



The preient appearance with the clifis and tenace. 
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It seems probable that when the waters flowed at the high terrace 
level, thej swept strongly against the hills, and, undermining them^ 
caused the many beetling crags we find. 

The question at once arises, Whence came these floods of water, now 
flowing in furious currents and forming the cliff, and now quietly rest- 
ing and depositing upon the bottom the fine sediment which constitutes 
the clays ? 

They came from the north, but subsequently to the drift deposit. If 
we accept the glacial theory of the drift, then these waters may have 
flowed from the melting of vast bodies of ice. 

If we adopt the theory of an ocean and icebergs floating in it, depos- 
iting the drift, then we must suppose that subsequently to the drift there 
was a drainage of this ocean through the valleys of southern Ohio. The 
absence of all recent marine organisms in the terraces would seem to 
militate against this supposition. But a greater difficulty is to believe 
that an ocean could maintain itself half-way down the great slope ex- 
tending from northern to southern Ohio. This slope existed then 
exactly as it does now, as is proved by the innumerable valleys of ero- 
sion draining this area in a southern direction. Now could any other 
drift agency than ice operate half-way down a slope without extending 
further ? In New England, where the land has been generally de- 
pressed below the ocean level, it may be difficult to determine what is 
due to purely drift agencies and what to oceanic agency ; but in Ohio 
we have the drift entirely undisturbed except by a few rivers carrying 
down the smaller pebbles, and the sands and clays, and depositing them 
in the stratified terraces. The drift thus exhibited in Ohio, and sepa- 
rated from other perplexing questions, would seem to point to ice rather 
than to water and icebergs, as its cause. 



8. On the so-called Talcose Schist op Vermont. By 
Charles H. Hitchcock, of Amherst, Mass. 

The geological surveys of the various States have made known to 
us the existence of a broad belt of rocks from Canada to Alabama, 
consisting of green schists associated with gneiss and gneissoid rocks. 
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The green schists have been denominated talcasBy both in New England 
and further south. In our remarks, however, we would not foe under- 
stood to affirm a non-magnesian character to any of these rocks south 
of New England, because we have neither seen or exanuned them. 
At the same time, there is a strong probability that their mineralogies] 
characters are the same ; unless, perhaps, the disagreement existing as 
to their age be full proof of their dijQference in composition, etc For 
the Canada survey pronounce them metamorphio rocks of Silarian 
age, while the Pennsylvania survey regard them as Fre-Silnrian^ or 
Hypozoic. 

First of all observers in this country, to our knowledge, Mr. T. S. 
Hunt, of Montreal, has stated that certain rocks of this belt at its 
northern prolongation, which would be regarded by most observers as 
a highly talcose schist, are almost destitute of magnesia, alumina b^g 
present in great force in its stead. An analysis of one of these sdiists 
&om St Marie, gave 



Silica, . . , . 


66.70 


Alumina, . , . . 


. 16^0 


Per. ox. iron, . 


6.90 


Lime, . . . . 


.67 


Magnesia, 


2.75 


Alkalies (by difference), . 


3.68 


Water, .... 


3.10 



100.00 

Upon the Chaudiere river near Quebec, Mr. Hunt found specimens of 
pholerite in the crevices of the ledges, whose composition was about 
forty-six per cent, silica, thirty-eight per cent, alumina, and fourteen 
per cent, of water. To pholerite and pyrophyllite, both hydrated sili- 
cates of alumina and quartz, Mr. Hunt has referred the composition of 
the so-called talcose schists. 

The same gentleman found that the clay-slates, or roofing slates, in 
the vicinity of these talcose schists had essentially the same composi- 
tion as the talcose schists, excepting that they contained a larger per- 
centage of alkalies, but never more than seven or eight per cent ; the 
talcose schist that he analyzed giving nearly three per cent, by differ- 
ence. Hence he supposes that the talcose schists are formed from 
the clay slates by the process of metamorphism, whatever that 
may be. 
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He supposes that the mineral pholerite has been in a state of solu- 
tion, '^ produced during the decomposition of the clay slates, which are 
made up to a large extent of the veins of feldspathic rocks. These 
slates are slowlj giving up their alkalies to infiltrating waters, and are 
thus being converted into kaolin." He adds, ^' a great portion of the 
talcose slates of the Alleghany range, especially those associated with 
the gold deposits, throughout the eastern part of North America, are 
derived from the alteration of clay slates, and must be aluminous in 
their composition. It will be well for the future to distinguish them, on 
account of their lustre, by the name of nacreous slates, or nacreotis 
schists" 

These observations induced us to examine these same rocks, as they 
occur in Vermont in a more highly metamorphic state, to ascertain 
whether their character is magnesian or aluminous. We selected speci- 
mens from four different localities ; such specimens as were apparently 
the best characterized talcose schists in the State. The results in every 
case agree with those of Mr. Hunt. The analyses were kindly per- 
formed by Mr. G. F. Barker, of Boston, a careful chemist, who has 
given the following account of them : 

" Talcose schist (so-called), Roxbury. This rock is schistose, friable, 
of a greenish gray color ; fissile ; sp. gr. 2.72. The analysis gives the 
following result : 



Silica^ . 

Alamina and iron, 

Lime, . . 

Magnesia, . 

Soda, 

Potassa, 

Lost by ignition, 



69.90 

20.00 

1.51 

1.80 



2.33)3 
1.45 ) 



78 
2.40 



99.39 

" From the analysis it will appear evident, that the name * Talcose' 
applied to this rock is a misnomer; there can be neither talc nor chlorite 
in them, for both these contain from thirty-two to thirty-six per cent of 
magnesia. Mr. Hunt has proposed the name of nacreous slates, from 
their lustre ; the small proportion of water in this rock would seem to 
indicate some other mineral than pyrophillite, and the total absence of 
any exfoliation under the blow-pipe, would tend to confirm this im« 
pression. 
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" We would say of the position of the specimen analyzed, that it is 
from the centre of the talcose schist formation, and was taken from the 
vicinity of the bed of verde antique, which is decidedly magnesian in its 
character. We selected this specimen as the most likely of any in the 
whole State to contain magnesia. 

*^ Talcose schist, from Pownal. This is another schist of the same 
general character as the preceding. Its color is bluish gray ; not as 
friable, but its feel is more unctuous. In dissolving the fusion with 
carbonate of soda in hydrochloric acid, hydrosulphuric gas was evolved, 
which blackened a solution of acetate of lead ; yet the mineral, when 
treated with strong nitric acid, and boiled, gave no reaction for sulphuric 
acid, as would be the case had there been sulphurets present. The 
analysis was as follows : 

Silica, .... 

Alamina and Iron, 

XiimOi .... 

Magnesia, 

Potassa, .... 

Soda, .... 

Loss by ignition, 





Oxygen. 


42.90 


22.73 


42.20 . 


. 19.71 


.78 


.22 




1.98 . 


.79 




5.24 


.89 


* 


1.33 . 


.34 




5.60 


4.98 





.7.22 



100.03 Alkalies, 6.57 per cent. 

^ That this is a distinct rock from the last, is shown by the differences, 
in the silica and alumina, there being twenty-seven per cent, less of 
silica, and twenty-two per cent more of alumina. The specific gravity 
is greater, being 2.90 ; the magnesia remains nearly the same, while 
the alkalies and water have doubled. An analysis of talcite (Dana's 
Mineralogy, 4th ed. p. 509) by Tennant, strikingly agrees with this in 
composition. The specimen used was from Wicklow, Ireland. The 
oxygen ratios in this specimen will be seen to be nearly 1:3:3 (that is, 

1 : 2.7 : 3.14) giving the formula (R. R.) Si." 

The specimen analyzed is an ordinary sample of a somewhat de- 
composing schist, which is called magnesian slate by Prof. Emmons ; 
belonging to what he has called the Taconic System. Pownal is the first 
town north of Williams College ; and as it is so near the centre of his 
system, we think he must admit it to be from his magnesian slate. We 
have the impression that Dr. Emmons had an analysis made of this 
rock, wherein there was a large per cent of magnesia ; but we were 
unable to find it at the time of writing. 
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^^ Talcose schist, Middlesex. This is another of the so-called f alcose 
schists, perhaps more properly tcdcoid. It is less schistose and more 
slaty than the preceding specimens ; color, olive green ; oder, argilla- 
ceous; composition, 

Silica, ..... 64.10 

Alumina and iron, .... 23.50 

Lime, ..... .84 

Magnesia, . . . . .1.98 

Potassa, .... 3.70 I 5 go 

Soda, ..... 2.20 ) 

Loss by ignition, . . . 3.60 

99.92 

'^ This resembles more closely the analysis of the Roxbury specimen, 
the silica being a little less and the alumina a little more than in that rock. 
The proportion of the composing mineral varies, being mixed with 
extraneous matter. Scattered through it are octahedral crystals of mag- 
netic oxide of iron. These were carefully removed by the magnet from 
the portion of the rock submitted to analysis. The presence of these 
rendered the determination of the specific gravity inaccurate. It is less 
friable than the preceding ; has more tenacity ; before the blow-pipe 
it is unaltered ; a thin sliver, however, being softened on the edges." 

The geological position of this specimen places it at the eastern 
boundary of the formation, and probably it is not far from the base, as 
the dip is west, the rock resting upon the roofing slate of Montpelier. 
We might say that it is intermediate in its character, between argilla^ 
ceotts slate and talcose schist. 

^NavacuUte, Irasburg. This is a mineral, very homogeneous in 
composition, fracture rough, structure amorphous, translucent, of a dirty 
gray color, streak white, specific gravity 2.65. A careful analysis gave 
the following composition: 

Silica, 

Alumina, 

Iron, .... 

Lime, . 

Magnesia, 

Potassa, . 

Soda, . . . 

Iioas on ignition, • 

YOL. xm. 28 



78.70 






12.80 




trace 




1.23 


. .35 


1 


traces . 
.89 


• 

. .15 


•1.94 


5.57 . 


1.44 




.60 


Alk. 


6.46. 



99.79 
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"This would make the oxygen ratio, 1 :3 : 21, or (EO, Ba Og), 7 

SiOa. 

"Though called on the label talcose slate, its physical and chemical 
character are widely dififerent. Of magnesia there is but a trace, and 
the loss by ignition is small. Before the blow-pipe it becomes white and 
opaque, is infusible, and colored the flame yellow ; with cobalt solution 
it gives a fine blue." 

This is the most unctuous of all the specimens analyzed, and according 
to this supposed criterion for the presence of magnesia, a large per cent, 
is indicated. A rock of this character is very common in the talcose 
schist formation, and in the catalogue of the Vermont State Cabinet it 
receives the name of novaculite schist It is also abundant among the 
Hudson river shales. 

Observing that upon the Canada geological map the same color was 
given to the Oneida conglomerate about Burlington, Yt, and to the 
talcose schist formation, we were led to make an examination of the 
sandstone of the former deposit. A specimen which had a great 
excess of silica was used (of which variety there is but a small propor- 
tion in the whole formation), with the following result ; analyzed by 
Mr. Barker. 

" Specific gravity, 2.65 ; color, dark red, '— on ignition it changed 
color, becoming blacker ; a hard, compact sandrock. Composition ; 



Silica, ... * 


• 


83.30 


Alamina and peroxide of iron, 


• 


8.70 


Lime, .... 


• 


1.12 


liflagnesia, . . . . 


• 


.10 


Potassa, 


• 


^•«^ [ 5.04 
.45) 


Soda, . . . . 


i 


Loss by ignition, 


• 


.80 



99.06 

'^ The excess of silica is due to sand present. It could not be sepa- 
rated, as the mineral is not decomposable by acids. The oxygen ratio 
of the basis is 1 : 3." 

With the exception of the excess of siUca, which is only occasional^ 
both in the Oneida congloAierate and the talcose schist formation, the 
proportions of the other components, agree^ Heoce it is not unlikely 
that this Oneida sandstone may, by metamorphosis, change into this so- 



-■ - ■ ~ — '"— 
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called talcose schist ; so that we may have two sources for the schist ; 
from clay slate and sandstone. 

There is another consideration connected with this subject, of great 
importance. Associated with the aluminous schists is gneiss. They 
are not only interstratified, but the one seems to pass into the other by 
degrees. For instance, the belt of aluminous schists in the northern part 
of Vermont is several times as wide as the same formation in southern 
Vermont. But by including two belts of gneiss with the talcose schists 
in the southern part, the whole width corresponds to that in the north- 
em part. In southern Massachusetts, the same belt of talcose schist 
entirely disappears, to be replaced by gneiss ; but again in Connecticut^ 
we believe, the talcose schist reappears. Thus a rock disappears and 
reappears, while the strata have the same uniform dip and strike, and 
it is difficult to discover lines of demarkation between them. By re- 
curring to the analyses, we find that the composition of all of them cor- 
responds with that of gneiss, also. For the principal constituents are 
silica, alumina, and alkalies, and the latter are as largely developed in 
the schists as in several analyses of gneiss that we have consulted. 
Hence, then, we have another stage of metamorphism. First there is 
a simple sediment ; if coarse, it is sandstone ; if fine, clay slate. A 
change takes place, called metamorphism, — the effect of heat and water 
combined, — which converts these sediments into nacreous or aluminous 
schists. The continued and probably intensified action of the same 
causes, converts these schists into gneiss, or feldspathic rocks. And 
were we to imagine a still greater increase of temperature, this gneiss 
might melt into granite, and the whole process of the strongest meta- 
morphosis be seen. If this is so, it is possible that we have instances 
of the last stage of the metamorphosis in occasional hiUs of granite in 
the talcose schist formation — as in the towns of Plymouth and 
Braintree, Vt ; and in the gneiss of the Green Mountains, in the towns 
of Stamford, Sunderland, Stratton, etc. 

The talcose schist formation, which we have been describing, lies 
upon both sides of the principal range of the Green Mountains, espec- 
ially upon the east side. But the Green mountain range itself, in Massa- 
chusetts forming the Hoosac range, and in Vermont extending through 
the State, is composed of gneiss and gneissoid rocks. In northern Ver- 
mont, in the range of Mansfield Mountain and Jay Peak, it becomes 
more talcose, but with shining crystals of feldspar appearing in the 
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edges of the strata. We never should have regarded this rock in 
northern Vermont other than talcose, had we not exammed the forma- 
tion along its axis, and noticed the gradual change into talcose schist, 
with crystals of feldspar. In seyeral localities in this vicinity this 
rock may be called a talcose sandstone, whose sedimentary character 
has nearly disappeared, in consequence of the metamorphic action. 
Thus, in the principal range of the Green Mountains, may we see 
another example of the change of talcose schist, and perhaps sandstone, 
into gneiss. 

We say talcage schist^ for two reasons ; first, the universality of the non* 
magnesian character of this rock, though probable, ought not to be con- 
sidered as settled by five analyses. Almost every stratum of this rock 
presents some variation from the adjacent ones. It may be that a large 
number of these will yet be found to be magnesian, while many are 
aluminous. If so it should appear at some future day, it would be 
much better for the cause of science that we retain the old name, tal- 
cose, for the present, and at the same time express the conviction, that 
probably there is no magnesia present in any of it. Such a scientific con- 
servatism is always safe. And secondly, the analyses of some of these 
specimens show that they agree with the mineral talcite. Hence it 
will be perfectly proper, and perhaps necessary, to use the name talcite 
schiity or its congener, talcose schist. For these two reasons, the% we 
think it would be well to retain the old name for the present 

After discovering that magnesia in talcose schist was infireqnent 
among our metamorphic rocks, the inquiry arose. How is it with talcose 
schist in other localities? Does it contain magnesia, or not? Mr. 
Barker referred us to four analyses from Bischoff (Bischoff's Geology, 
Cavendish Society ed. p. 352), three of which agree essentially with 
the Vermont specimens, but the fourth contained twenty-six per cent, 
of magnesia. 

The non-magnesian specimens were firom Sweden, Germany, and 
Tyrol ; the mi^esian example from Austria. 

Bischoff adds this note : ^ What is often called talcose slate, contains 
none, or merely traces of magnesia, as analyses I., H. and in. show." 

Thus, there are two great varieties of talcose schist in Europe, one 
of them corresponding to the aluminous schists in New England. 
Whether any true magnesian slate from, this country has ever been 
analyzed, we are imable to say. 



GEOLOGY AND FALEONTOLOGT. 329 

NoTB. — In a letter from Mr. T. S. Hunt, written since the reading of the pre- 
ceding article, several suggestions are made which deserve to be mentioned, and 
therefore I add an extract from it. 

"I did not hear your paper on talcose schists, and do not know bnt 70a have 
compared yonr results of the so-called magnesian slate, with a small amount of 
silica and much potassa, with the dysyntribite of Prof Shepard ; which forms beds in 
the Laurentian rocks of northern New York, and resemble serpentine. Yon will 
find analysis by Brush in Silliman's Journal, second series. Vol. XXYI. p. 68, as 
also analyses of what I called parophite. It is a shale of the Hudson river group, 
locally altered by trap, and changed into what seemed a serpentine, whence the 
name. In Brush's paper, analysis 3, p. 68, is of the unaltered earthy shale, which 
further on passes into a green, translucent, unctuous mineral — analyses 1 and 2. 
(See also my Report, as cited by Brush.) We can scarcely doubt that the mineral 
from the Laurentian of northern New York, where the same matter occurs crys- 
tallized as gieseckite (see Brush), is identical with your magnesian slate [the specimen 
from Pownal], and my parophite and unaltered shale ; since they agree in their 
peculiar composition, so different from ordinary shales and slates. These matters I 
regard as perhaps a sort of kaolin which has fixed a portion of the potash.'' 

I learn also, from Mr. Hunt, that he has found specimens of real talcose schist 
among the group of rocks the subject of this paper. Many investigations there- 
fore will yet be needed to settle the question as to its name, satisfactorily. 



9. On the Makks OF Ancient Glaciers on the Green Moun- 
tain Range in Massachusetts and Vermont. By Charles 
H. Hitchcock, of Amherst, Massachusetts. 

The discovery of the marks of ancient glaciers in Europe incited 
American geologists to explore prominent peaks and ranges of moun* 
tains in this country for similar phenomena. j^Te believe that nothing 
has yet been published upon the occurrence of these marks, as distin- 
guished from the drift or the great glacier 2,800 miles wide, and extend- 
ing from the Arctic ocean to the 40th degree of north latitude, as some 
are pleased to call it, except a short communication to this Association 
at the Providence meeting, and a detailed account published in the 
Smithsonian Contributions to Ejiowledge, of certain marks of ancient 
glaciers in Massachusetts and Vermont, by Prof. Edward Hitchcock. 

The cases already described are upon the Westfield river and its 
branches, and Deerfield river and its branches in Massachusetts^ and 
upon the Otta Quechee river in Vermont. 

28* 
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Under Prof. Hitchcock's directioDs these investigationa have been 
continued along the principal mountains west of Connecticttt river in 
these States, and their results are briefij embodied in the present pa- 
per. 

The following are the chief distinctions between the marks of the 
ordinary drift and the marks of glaciers : 

1. Glacier strise differ often widely in direction from drift striae, and 
consequently their stoss sides were struck in quite different directions. 

The drift striae may be referred to three general directicms in New 
England, — to the south, the south-east, and to the south-west. Hence, 
though the direction of the glacier striae at some particular locality 
may be the same as that of drift striae at a distance, they will not be 
confounded with drift striae, because the drift striae have a different di- 
rection in the vicinity of the glacier striae. 

So, also, a glacier may have occupied the same valley and have pur- 
sued the same course as the drift in north and south valleys. We do 
not pretend in such cases to say whether a glacier once existed or not 

2. Glacier striae occur only in valleys radiating outwardly from the 
crests of mountains ; while the drift striae overtop the mountains, and 
when found in valleys frequently cross them obliquely. 

3. Glacier striae descend from higher to lower levels except in lim- 
ited spots where they may be horizontal. Drift striae as frequently 
ascend mountains thousands of feet high, of which the lower is the 
stoss side. 

4. Drift is spread promiscuously over the surface, and the blocks are 
a good deal rounded. The detritus of glaciers more or less blocks up 
the valleys or lies strewed along the sides of the valleys, and the frag- 
ments are frequently quitg angular. These blocks, however, are some- 
times covered more or less with materials that have been modified by 
water flowing for ages down the same valleys. 

One of the most decisive cases of glacier markings is in the west 
part of Hancock, Vt, on the west side of the Green Mountains, and near 
their summit. It is in a valley through which Middlebury river com- 
mences to run, within half a mile of the crest of the Green Mountains, 
and nearly parallel with the range. Several ledges of the gneissoid 
rocks have two sets of striae upon them — the one running S. 50^ E., 
pointing towards the depressed portion of the mountain east, over which 
the turnpike runs to Hancock, with the stoss side on the north-west-— 
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the Other set pointing W. SO" S. down the valley, with the stoss side 
on the north -east. 

The annexed figure will give some idea of the re- f^ 
lation of the two eeta of strise to each other. The * 
shape of one of the bosses of striated rock is given in 
the sketch, and the lines crossing it represent the ^ 
strife. Those upon the right hand side are the gla- 
cier striae, running N. 70° E., occupying the stoss 
Bide of the ledge. But the lee side of the glacier 
strife, A, is the stoss side for the drifl strite, whose 
directioa is represeDted hy lines tenduig S. 50° £. 
B represents a small part of the ledge that was the lee ude for both sets 
of striiB, and is not marked at all. The length of the ledge is sixty-six 
feet, and its breadth forty-two feet The altitude of the boss is eight 
feet 

Every ledge in the vicinity is thus striated, and we regard the cat- 
ting off of the one set by the other as very interesting. The glader 
set are the most prominent of the two. 

The two sets of strice cross each other at an angle of 70°, or more 
properly speaking, their direction differs 110°, the force by which the 
firjt set was made poiating S. 50° E., and the other S. 60° W. or W. 
30° S. The force by which the first set was produced was up hill to- 
wards the crest of the mountain, which a few miles north of the road 
we judge to rise 800 to 1,000 feet above the striie. The force produc- 
ing the second set or glacial strite, was down hill along the course of a 
small stream. 

Passing over the mountain towards the village of Hancock, we 
beg^ to descend on the east side of the range, passing among large 
blocks of stone, but at first the ledges are covered. As we eater 
the cleared land we find the strife of another glacier in the bottom 
of the valley pointing N. 70° E., the upper and west side of the 
ledges being the stoss side, and therefore the agent of erosion 
was directed down the valley. In three places, also, before reach- 
ing the main branch of White river, we found accumulations of 
detritus stretching across a considerable part of the valley in the same 
manner as ancient terminal moraines are found in the valleys of the 
Alps. These have been somewhat modified by the subsequent action 
of water xx^^oa the surface, but their internal characters are the same as 
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those of moraines found near existing glaciers. At the village of Han* 
cock the valley meets the valley of White river at right angles. The 
striae are, also, at right angles, for another glacier descended the valley 
of White river ; and, like modem glaciers, these ancient ones united their 
forces and travelled on together, a river of ice, bending its coarse to cor- 
respond with all the sinuosities of the valley, as the striae indicate. 
The general direction of this valley is southerly, and hence does not 
differ greatly from the course of the drift in this vicinity. 

We should expect that each tributary stream would have brought in 
its river of ice to unite with the main stream. We have examined but 
one of these tributaries, a stream running through the west part of 
Rochester to the east village of Rochester, and find there most distinct 
evidences of glacial action, more decided, in fact, than either of the 
other branches of White river, because the curves in this valley are 
much greater than in the others, and the striae are found to conform to 
them with exactness. The map of the Surface Geology of Yermcmt, 
in the State Geological Report, now in preparation, will show the par- 
ticulars of this statement. 

The principal glacier continues to Stockbridge, near the great bend of 
White river, into which we were unable to trace the glacier. Probably 
its termination was near Stockbridge village, where an immense termi- 
nal moraine crosses the valley. The total length of this glacier, so far 
as investigated, is eighteen miles, and each of the tributaries examined 
is about four miles. The slope in all was gradual and uniform. 

A less striking example of the traces of the action of ancient gla- 
ciers is found upon the Otta Quechee river, above Woodstock. In as- 
cending that stream above that village we meet, within a mile or so, ac- 
cumulations of detritus on the north bank, which we refer to moraines 
that have been subsequently considerably modified by water. Sev- 
eral miles further west is found a still more decided example just east 
of Bridgewater village. Here the detritus seems to have extended en- 
tirely across the valley, but has been worn away by the river on one 
side. Dr. Hitchcock refers to cases of extinct moraines in the vicin- 
ity of Chamouny, in Savoy, very similar to the foregoing. 

In following up the south branch of Otta Quechee, which comes in 
from Plymouth, we find the west and south-west sides of the ledges 
rounded, though the striae are mostly obliterated. On the more north- 
erly branch of the river, at least as far as the gold mine in Bridgewa- 
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ter, where an aurHerous quartz vein has been worked, the west side of 
the hills was found to be the stoss side, as it would be if a glacier once 
descended from the crests of the Green Mountains, near Killington 
Peak, down the valley of the Otta Quechee. And though this region 
has not been examined, yet we are inclined to believe that a system of 
glaciers once occupied the head valleys of the Otta Quechee, as of 
White river. 

The position of the stoss side is of the utmost importance to one 
who would discriminate between these two classes of stride. The stoss 
side of the drifl is invariably upon some point of the compass north of 
an east and west line ; whereas a glacier may strike a ledge from any 
direction whatsoever. Hence the importance of those stoss sides upon 
the Otta Quechee glacier, where the force came from the south and the 
south-west, in direct opposition to the drift currents. 

Other examples of Glacier marJdngs, — We have not time to describe 
other examples in detail, and will, therefore, simply mention their 
localities in Massachusetts. 

Upon Deerfield river, near the proposed Hoosac Tunnel, one has 
been described by my father. Its upper part has been found recently 
in the town of Searsburg, Vermont. It passed through an exceed- 
ingly rough country, and in some places has completely removed all 
the soil from the rocks. 

Upon Saxton's river, near its source in Windham, supposed glacial striaB 
were described at the Springfield meeting. Since then (Sept. 8) it has 
been traced several miles south-easterly, and most interesting cases of 
striae, from the south to the north, were discovered at a turn in the course 
of the valley in Grafton. 

There is, probably, another example upon a branch of Black river, 
at Mount Holly. 

Upon a branch of West river, arising in Stratton and uniting with 
West river below the village of Jamaica, there are interesting traces of 
an extinct glacier. The valley for several miles is as crooked as the 
Rio Grande, with a general north-easterly direction. The markings 
conform to the curvatures of the valley. 

In Huntington, on Huntington river, the striae curve with a great 
bend in the valley, and vary in direction from N. 70^ W. to N. 
20° E. 
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Upon the west side of Mansfield Mountain, there is a small glacier, 
or slide, that occasionally leaves markings similar to those described. 
The slope of descent varies from 20° and 25° to 35°, and the direction 
of the scratches is N. 48° W. 

Hence we see that probably the range of the Green Mountains was 
once covered with glaciers upon both sides, either before or since the 
period of the drift proper. For in all these cases, away from the val- 
leys, the drift strise were found in abundance, pursuing a coarse diag- 
onally to or at right angles with the course of the glaciers. If, as id 
probable, the glaciers existed before the drift, it would not be strange 
to find that occasionally the traces of their existence had disappeared, 
because the icebergs, etc., had worn away the striae, or confused the 
moraines. 

We might expect, if we can show the existence of glaciers fix)m 
southern Massachusetts to northern Vermont, that other high mountains 
to the east might be found with similar marks upon them. We have 
seen none in the north-eastern part of Vermont ; but to be sure, on ac- 
count of the inaccessibleness of that region, and the decomposing char^ 
acter of the rocks, and the vast amount of modified drift covering the 
surface, one might overlook many examples of glaciers. Most of the 
8tri» discovered are recorded on the map, and its vacancy shows how 
rarely the striae were found. Similar difficulties to the foregoing meet 
us among the White Mountains. Still we doubt not that careful re- 
search will bring to light examples of ancient glaciers among those ma- 
jestic peaks, the monarchs of New England mountains and scenery. 

There is a curious phenomenon of drift striae in Vermont closely re- 
sembling the action of glaciers, with a single exception. There are 
three rivers that have cut through the highest part of the Green Moun- 
tain range, the Winooski, La Moille, and Missisquoi rivers. Upon the 
mountains and valleys between the rivers the striae run about 10° east of 
south ; but in the valleys of the streams the strias follow the windings 
of the rivers through the range, in an easterly direction. They might 
be called glaciers inverted; i. e. if a glacier were to ascend a valley 
instead of descending, the phenomena would be those that occur upcm 
these rivers. We explain it by supposing that some of the icebergs 
were deflected from their usual course by the valleys. When the wa- 
ter had fallen so much that the summits of Mansfield Mountain and 
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Camel's Hump peered above the sea, a small iceberg that had fairly 
catered the mouth of the valley, could move only in the valley. The 
water would be too low down to raise it over the sides of the valley, 
and as its rear is pressed by a current, it must move onward, and the 
opening through the hills is its only course. 

The markings in these three valleys are the most beautiful and dis- 
tinct of any drift phenomena we have ever seen. We could find no 
evidence of the former existence of a glacier in any of them. 



10. Lake Ramparts in Vermont. By Charles H. Hitchcock, 

of Amherst, Massachusetts. 

Two years ago some of the newspapers described a walled lake in 
Iowa, and ascribed its formation to aborigines. At that time we made 
somo counter statements, though not having se^i them ; yet presuming 
that certain agents at work in nature might perform the work without 
calling in the aid of man. Since then we have discovered similar walls 
of stone in Vermont, and venture to describe this form of drift under 
the nam« of Lake Ramparts. 

We will describe the case in Iowa, as it seems to be the most per- 
fect of all that have come under our notice. The lake is in Wright 
County, situated in a large plain, covering an area of about 1,900 acres^ 
and is from two to twenty-five feet deep, with a hard, sandy bottom. 
Around the lake is a wall of heavy stone, in some places ten feet high, 
thirteen feet wide at the base, slopmg up both sides to five feet wide at 
the top, and is entirely composed of boulders from fifty pounds to three 
tons in weight. In some places this rampart, with soil, forms a barrier 
preventing the meadows contiguous from overflow. The top of the 
wall is level, while the land is undulating, varying in height from two 
to ten feet for two miles in extent. The writer cautions his reader "not 
to imagine that this wall is as regular and nice as the wall around the 
fountain in front of the City Hall, in New York City," whence we con- 
clude that there is a considerable irregularity to it. He supposed it to 
have been the work of aborigines. 
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We had hardly thought of finding these phenomena in Vermont, till 
our attention was called to a ridge of this description on the north sLore 
of Willoughby lake. For forty or fifty rods the shore is fringed by a 
ridge about a rod wide, and five or six feet high, of coarse gravel and 
boulders. The outer side is perpendicular, and the inside slopes grad- 
ually towards the water, having the shape of a rampart in a fort. 
Rev. S. R. Hall, who was with us, stated that he had seen the same 
phenomena in other small lakes or ponds, and upon a map of the Sur- 
fece Geology of Vermont he has marked six other cases; namely, on 
the north side both of Great and Little Averill ponds, in the town of 
Averill, in the north-east comer of the State ; on the north shore of Isl- 
and pond ; the east shore of a pond in Maidstone ; the east shore of 
Lake Memphremagog, at its south end ; and on the east, west, and north 
shores of Franklin pond. Mr. Hall states that the rampart on this lat- 
ter pond is fifteen feet high. We have ourself noticed a rampart of 
this kind upon Woodford pond, in southern Vermont, and have data 
from which we think it probable that another example may be found in 
Tinmouth. 

These facts, we believe, are new to geology, and with these descrip- 
tions it is very evident why we havewselected the name of rampart to 
designate them. But by what cause were they formed ? Certainly not 
by human agency. 

Some observations that were made years ago upon certain stones that 
appeared to move without any apparent cause, in Salisbury, Ct., 
Rhode Island, and elsewhere, and described in Vols. V., IX. and XIV. of 
The American Journal of Science, appear more closely connected with 
this subject than any thing else we know of. 

In the cases mentioned, large stones were found to have been moved 
towards the shore of the pond, and by measurements the exact distance 
over which they were moved, in a single winter, for instance, was aseeiv 
tained. One rock, weighing several tons, was removed three rods dar- 
ing one winter. Though several causes were proposed, none was so 
satisfactory as that which called in the expansive power of ice. If ike 
ponds, or some parts of them, are rather shallow, and the bottom cov- 
ered by boulders, the ice of the winter would enclose the stones, and 
the gravel of the bottom it may be, and, from its well-known property 
of expansion, it would force the fragments from the central parts of the 
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lake towards the shore. In one year the progress would be small, but 
in each succeeding winter the work would be resumed until the frag- 
ments would be driven to the shore ; and as the level of the lake, or at 
least the ice, is usually higher in the winter than in the summer, they 
might be crowded a considerable distance beyond low-water mark, and 
in the course of ages the accumulation might be large, if the materials 
at the bottom of the pond were abundant. Formed in this manner, 
their outside would be as steep as rounded stones could be made to lie 
upon one another, and, as in the Iowa example and others that we have 
in mind, a levee might be formed, if there was a very shallow ridge 
in the middle of the pond. After the ridge was formed in the middle, 
the shallow part of the pond would dry up, and leave a meadow lower 
than the level of the water in the remaining pond, and protected from 
overflow by the levee. Hence its ascribed origin to man is not strange, 
when its practical value is discovered. 

Similar cases of removal, by expansion by ice in winter, are common, 
especially in New England, as the farmers, who build strong stone 
fences in rather low ground by the side of ditches fiJled with water, 
find to their sorrow each spring. 

We doubt not these cases are common ; and now that attention has 
been directed towards them, we hope that they will be described, of 
more elegant proportions, than the meagre ones we have visited. 



11. Ornithichnites. By Roswell Field, of Greenfield, Mass. 

When fossil foot-prints were first discovered in the sandstone of the 
Connecticut valley, it was indeed thought to be a great discovery ; but 
that the tracks thus found were made by birds was received by men of 
scientific attainnients with, great distrust and skepticism. That they 
were tracks made by once living animals there could be no doubt, but 
that they were ornithichnites was very much doubted. And it was not 
until after my esteemed friend, Dr. Hitchcock, had spent much time in 
comparing, describing, and in distributing specimens, that the scientific 
public became satisfied that they were the tracks of once living birds. 
The great and only proof that they were the tracks of birds, is the or^ 
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ganization of the fossil foot, in the numher of their toes, and tha nmor 
ber of joints, or labial expansions in the toes ; in this they are supposed 
to agree, and probably do, with living types. This, with altemate $teps of 
right and left foot, is all the evidence we have that they were the tracks 
of birds. Living in the immediate vicinity of Tamer's Falls, the local- 
ity that has furnished the most numerous, and beyond all comparidoii 
the most beautiful specimens, my attention was drawn, years ago, to 
this particular subject, and it was from my &rm that the late Dezier 
Marsh obtained his nicest specimens. 

And it was in the vicinity of these falls where my much lamented 
friend, Dr. Deane, found ^ new walks in an old field ;" where our mosC 
barren and rocky wastes were to him a garden of delight It was here 
I witnessed their labors with pleasure, and, in a more obscure way, have 
followed in their footsteps. 

I think I may safely say that I have uncovered more foot->}Mrint0 and 
found more new species and a greater variety of tracks than any other 
man ; I think I might also say, with propiety, than all others tliat 
have preceded me ; and if I have learnt any thing on this ftoli^iect, I 
have learnt it at the quarries. It is there, and there only, I have 
studied the history of Liassic days ; and the more I have studied, the 
greater have been my doubts as to the bmithard character of any Cff 
the tracks which these tables of stone contain. I have seen thousaiMls 
of tracks that others have not seen. With injudicious blasting afeid the 
carelessness of workmen, many nice specimens have been broken and 
lost ; other slabs, literally covered with foot-prints, have been spoilt by 
sun-cracks, the stratum over which the animal moved being either too 
hard or too soft to receive or retain good impressions. All such, are re- 
jected and lost to the student at the quarries. I have no new theory to 
advance, and none to build up, but if I can rightly decipher these foeafl 
inscriptions, impressed on the tombstones of a race of animala that 
have long since ceased to exist, they should all of them be ^daseed.Hs 
Heptilia. 

If I have not studied this subject in vain, they were all quadrupedal. 
That they usually walked on two feet I admit, and that th^ could 
as readily walk on four when necessary, is equally true. In proof 4)f 
this we find tracks as perfect as if made in plastic wax, whi<^ to all 
appearance, as to the number of toes and the labial expansioos m the 
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to^, perfectly agree with those of living birds ; and still we know that 
these fossil tracks were made by qnadrapeds, by the impression made 
by their forward feet. And in other cases, where the animals sank 
deep into the maddy stratum over which they moved, we know that 
they usually dragged their tails in the mud, leaving a groove ploughed 
up, from one half to an inch in width ; this groove is not always found 
on the surface where the foot rested, the weight of the animal causing 
the foot to sink through the yielding stratum, whilst the tail dragged on 
the one above. And this we know was the case with animals that were 
surely quadrupeds ; they show no such appendage as a tail only when 
the foot sank deeply in the plastic clay, and the proof that wo once re« 
lied upon to prove them the tracks of birds, can be relied upon no longer. 
The fact that there were quadrupeds in those sandstone days, which had 
hind feet perfectly agreeing with the stony bird tracks, throws great 
<loubt and distrust on the opinion that there were any true birds in this 
age of reptiles. If there were birds, they were apterous and naked, for 
we should naturally suppose that, where so large a number of birds oonr 
gregated upon the muddy banks, that in dressing and pluming their 
feathers some of them must have been trodden under foot ; but the im- 
pressions of feathers have never been found, though we find the smallest 
leaves of vegetables, and the pathway and tracks of annellids and 
insects, some of them so small that they can hardly be seen with the 
naked eye. Even the Otozoum, whose giant-like track measures twenty 
inches in length, was onoe supposed to have been a biped reptile* Later 
discoveries have proved it to have been four*footed. And other new 
discoveries have reduced the number of birds and added lai^ely to the 
quadrupeds ; where I verily believe is the proper place to class them 
all. The smoothness of the bottom of the foot in our fossil tracks agrees 
better with some species of batrachians that now live in and about the 
water than they do with such animals as live on the land. Had birds 
indeed existed at this early geological period, when the sandstone of the 
Connecticut valley was depositing, there has indeed been a woful gap hi 
their history &om then up to near the historical period ; and the die fix)m 
which they were struck, at their creation, was not broken, but a new 
edition struck off in these latter days. The work perhaps may have 
been revised, but not enlarged ; that is, as to the size of the animal* I 
know that many emiiiient men and men of great.scientlfio attainmi^ts-*- 
men who have spent much time and labor for many years in the inves- 
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ligation of this subject, have come to different conclusions, and it is not 
for me to say that their conclusions are wrong ; and I would only add, 
that when fossil tracks were first discovered, there was so little known 
of the formation of the feet of fossil or of living animals, and particu- 
larly of their foot-prints, that it is possible the first discoverers might 
have been mistaken as to their ornithard character. The study of these 
fossils is very interesting to the geologist and naturalist, and there is no 
locality in the known world where they are found in such an abundance, 
and beyond all comparison in such perfection, as at Turner's Falls, the 
northern terminus of the sandstone beds. Very few, indeed, have any 
conception of the marvellous perfection of these fossil inscriptions, as of 
the multitude of once living creatures, whose existence they commemo- 
rate. During the vast sandstone deposition countless individuals have 
inscribed upon the shores whereon they congregated their instructive 
history. 



n. ETHNOLOGY. 



1. The Indian Mode op BESTowiNa and Changing Names. 
By Lewis H. Morgan, of Rochester, N. Y. 

Civilized and nomadic life have but few analogieis. As conditions 
of society they are organised upon different principles, and governed 
by dissimilar motives. The civilized man and the nomad represent two 
marked varieties of the human race. Each appears to be living in 
obedience to certain primary ideas or impulses over which he has little, 
if any, control. Hence, as we should expect, their domestic institutions 
are in continued contrast 

An illustration of this will appear in the following brief explanation 
of the Indian mode of bestowing and changing names. 

The Indian has no family name. His name is single, and, like the 
prftnomen of the Boman, or our Christian name, is purely an individual 
designation. The family^ in our sense, is wanting ; so that the names 
of several brothers and sisters would not suggest the fact of any con- 
nection among them. His tribe, however, in a large and general sense, 
answered the same end and purpose the family does with us. It was 
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composed of a multitude of parts of families bound together as cousan- 
guinei under a common tribal name. As a tribe, also, it was a constit- 
uent part of the nation. 

In bestowing and changing names their customs are original and 
novel. They have names adapted to different periods and pursuits of 
life : one class for infancy and childhood ; another for manhood ; another 
for their religious advisers, called by the Iroquois, " Keepers of the 
Faith," and another for chief and sachem. These names are not taken 
up and conferred at random, but under fixed regulations. Each tribci 
has its own tribal names^ which are kept distinct^ and which no other 
tribe is allowed to use. They are family names ; for the tribe is but a 
great family of which the chief is the head. It is said by some of the 
Indian nations that these names have such tribal characteristics that the 
tribe of an individual may be known from his name alone. 

To understand what follows, a word of explanation of these tribes will 
be necessary. Nearly all of our Indian nations are divided into tribes, 
sometimes called " clans," but this term does not well express the idea. 
These tribes are named after quadrupeds, birds, reptiles, and fishes, and 
sometimes after inanimate objects. The following are the names of some 
of the tribes now existing among our Indian nations, namely, the Wolf, 
Bear, Beaver, Turtle, Deer, Plover, Heron, Hawk, Eagle, Crane, Duck, 
Loon, Sturgeon, Carp, Eel, Pike, Cat-fish, Buffalo, Elk, Reindeer, Pan- 
ther, Otter, Raccoon, Hare, Rabbit, Snake, Buzzard, Owl, and Pigeon. 
Also, Reed-Grass, Thunder, Sand, Water, Earth, Tent, and Rock. The 
ancient civilized nations named their tribes after men, as the Greeks 
and the Jews ; so in modern times, in a more restricted sense, the Scot- 
tish clan and the Irish sept ; but the Indian is never found by act or 
deed attempting to exalt the name of any man. 

Of these tribes the Iroquois have eight, the Wyandottes eight, the 
Ojibwas seventeen, the Kaws fourteen, the Shawnees thirteen, the 
Delawares three, with subdivisions, the Mohekuneuks and Munsees the 
same, the Choctaws two, with subdivisions, the Winnebagoes eight, the 
lowas eight, the Otoes nine, the Potawottomies fifteen, the Moqui of 
New Mexico nine, and in similar proportions in the other nations, ex- 
cept the Dakotas, who alone among all our Indian nations, where the 
inquiry has been made, deny that they have any tribal subdivisions. 

The tribe is the unit or integer of Indian political society ; and all 
of their institutions gravitate around this central idea. As to marriage, 
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fl» mmm '» sJkmtd to ■mij a wamam of Lis ova tnEie. HLk vas tlie 
jHMSMt law in ercrj maoB wahovc ezcepciocu wiiere the tribe 
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Een^iitarj in the tribe, althoagfa ekcfiTe as between certaia cf dw 
r^fjiet¥«^ The chluiren follow the tribe ol* the aracfaen and brioa^ 
to the nother in ease of diToreerSOBon^^the IroqMis. Wjaadottes^IM- 
awares^ Mofaekimeiikjy M anaees* and Chectaws ; the rule is the other 
wny at present among the lowu, Otoesy Pawnees, Onahasy O^bwas^ 
Otawai^r Winndbogoesy and Kawa. 

IJpem the birth «pf a dnld, the mother or some rdative in her bdnl^ 
appliet^ to the chief of her tribe for a list of tribal names^ wfareh are 
not then in tu^, and of the cla» for chiidien. Got of those named 
over to hfiT ftbe selects sadi a name as pleases her hner, whidh is dies 
agreed opon aa the fhtore name. At the next eooncil the birth and 
name of the ^Id, and the name of its father and mother are poWc^ 
amiotroeed ; and this was the simple fbnn of an Indian christening: 
Their names are significant, as all names originally were, but with the 
Indian tiieir signification is still preserred. O-wi-go a ^ floating canoe,* 
and Ga'h&Hio, ^hanging fiowar," are specimens of their childhood 



At fourteen or sixteen jears of age, the name became nnsoitable, the 
perKon having reached maturity. A new name was then selected ; and 
the taking away of the old name and the bestowal of the new, was 
made, in some of the nations, an important event. With this change 
be ceased to be a boy, and became a man. He coold then go ont upon 
the war path and speak in counciL In some of the naticHis, as the Iowa, 
the KskWf and the Otoe, the yonth most go oat np<m the war path and 
earn a new name before he was allowed to change it ; and if he per- 
formed some exploit of sufficient merits his name was changed before 
his return. 

The power to make this change was lodged primarily with the chief 
of the tribe. But it might be made either by the mother or by a 
brother or sister, but never by the father, and it was usually done with- 
ont the consent or even knowledge of the person whose name was 
changed. If these near r^tives neglect to make the change at the 
proper time, it then becomes the duty of the chief to do it At the 
next public council the change and the new name are formally an« 
nounced, and it takes effect only from the time of this announcement. 
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When a private person is raised to the dignity of chief or sachem, 
his former name is taken awaj, and a new name of the higher class is 
conferred in its place. This name can never afterwards he changed 
unless the sachem is deposed ; for the name itself is a title, and with it 
would pass away the title or office itself. Neither can that class of per- 
sons who are called " Keepers of the Faith," among the Iroquois, change 
their names without giving up the office, as these names and the office 
they confer are inseparable. Any other person of mature years may 
change his own name, by his own motion, provided he can induce a 
chief of some other tribe than his own to announce the change in 
council. 

Upon the death of any person, the right of giving his name belongs 
exclusively to the oldest surviving son or daughter. He or she might 
give it or withhold it altogether. The reason was thj^t the immediate 
relatives of the deceased would be pained and perhaps annoyed at the 
assumption of their father or mother's name by another. They would 
be reminded of their loss with every repetition of the name ; and it is 
one of their customs never to remind one of a bereavement by men- 
tioning the name of a deceased relative. To appropriate a name, with- 
out consent, under such circumstances would be dishonorable, unless 
amends were made at the time by a present. Accordingly it has been 
an immemorial custom among the Iroquois " to cover the naked back," 
to use their own expression, " of the person whose father or mother's 
name had been appropriated without permission." The present, which 
was a dress of skins, was to the person to whom the bestowal of the 
name of right belonged. This made it an honorable transaction. ' 

A tribe may lend one of their names to a person in another tribe, 
which is oflen done ; but when this person dies or his name is changed, 
the name so borrowed returns again to the tribe. 

■New names are not now invented by the Indian any more than they 
now are by ourselves ; but old names are handed down in the tribe as 
our nsunes come down to us, but not shorn, as in our case, of their better 
part, their primary signification. 

The usages of the B«d Race in bestowing and changing names are 
not in themselves especially important ; but in an ethnological sense, as 
one class of facts among several others of the same character, all tend^ 
ing to show the prevalence of the same ideas throughout the whole 
Indian family, they have an important bearing upon the question of the 
common origin of the race. 
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in. POLITICAL ECONOMY. 

1. On the Paradox op Political Economy in the Coexist- 
ence OF Excessive Production and Excessive Popu- 
lation. By Clinton Roosevelt, of New York. 

It was the idea of a certain ancient sect, that the gods created mea 
to supply themselves with subjects of mirth in our absurd conceits. 
But in ancient times no such absurdity as distress from a superabun- 
dance of food and clothing in the midst of a crowded population, in want 
of every thing, ever was heard of. 

And yet has it been admitted on the floor of the parliament of a na- 
tion boasting the most advanced civilization, that they know of no rem- 
edy for the starvation of the real producers of national wealth, in the 
midst of an excess of productions. One of her political economists, 
Malthus, a free trader, who holds that the supply of hands to labor 
ought to be made to keep pace with the demand, has proposed as a 
remedy for excessive production of goods, what is tantamount to infan- 
ticide. 

This has been well characterized as the result of a " Juggernaut civili- 
zation." The wheels of overproducing machinery seeming to crush 
those who bow before them, saying, '' Let men alone to buy cheap and 
sell dear, and things will regulate themselves." 

But it appears from the paradox before us that 
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Things are in the saddle, and ride mankind." 



Things regulate themselves in the labor-saving factories by doubling 
down the ankles of the children of toil, and bending their limbs and 
bowing their backs to premature old age ; and thus, with a thousand 
millions of man-power in machinery in Great Britain, more or less, it 
has been suggested by one of the learned doctors — Combe, of Edin- 
burgh — that nineteen twentieths of the producing classes of Great Brit- 
ain die prematurely, of diseases superinduced by excessive labor and 
deficient nourishment. For whenever they produce faster and more 
than those in better circumstances can consume or waste, they mijust 
stop labor, and wages can be no more received, until those who manage 
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the political economy of Great Britain and the world — so far as they 
do manage it — have made way with the excess of food and raiment 
and the luxuries of life. In the mean time, the Board of Red Cloth 
Almacks, the head of fashion, controlled by women, hold it as disgraceful 
for one in "good society" to sit at the same table with any man who 
earns his living by his honesty, industry, of hand and head. In China, 
it is said, the emperor goes out yearly to hold with his own hands the 
plough, to testify his honor to the arts by which all must live or die. 
Which is most civilized or christianized ? But England often trembles 
for this sin as if balanced on an inverted pyramid, and earthquake throes 
were rocking it in the great masses which now underlie the heaving strata. 
This state of things is evidently most unnatural. Looking on the earth 
as one, and recognizing also this great truth, that all the interests of all 
mankind are by Providence connected in one bond of sympathy, so that 
even the weakest may not suffer without sending home to the great 
heart a pang of anguish ; that must be indeed a very little, selfish heart 
who can say, " Let men alone to buy cheap and sell dear, and things 
will regulate themselves.'* 

But besides the remedy of Malthus — Infanticide — the British gov- 
ernment have heretofore employed a standing army to shoot down 
" operatives," who, in times of excessive production must 

"Beg a fellow worm to give them leave to toil," 

and yet find no employment, and thus compelled by want, which knows 
no law of God or man, commit a mad destruction of machinery, as if 
iron arms, and fire and water were conspiring to destroy them and their 
little ones, and no medium course were left but to destroy machinery 
or die. Hay and grain ricks, too, are fired, and cattle houghed, and all 
that man may have accumulated more than is enjoyed by naked sava- 
ges, becomes the subject of evil eye of desperation. In the mean 
time, we go on improving in the arts and sciences. The great "West is 
open to our crowded population, even when thrown upon our shores 
from the old world, and we rest content apparently. But none can be 
content. We may gather jewels of learning in the abstract sciences, 
but men are clamoring out of doors to us for something " practical." 
Shall we entirely disappoint their hopes ? 

We contend that these abstractions open up the way to higher good, 
aside from every petty party feeling. That if the habit of pursuing 
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trath for its own sake, does no more for a time than disdipUi^ Ihe t^V^j 
there is only such a discipline required to open up the huinan, under^ 
standing and the will to comprehend the cosmos and the univer^ 
science by which only may the general principles be understood, from 
which the world may yet escape the paradox, which brings to a dead 
lock all improvements in the arts of life, and drives back to barbarism^ 
as the unfortunate result of ignorance of general principles* 

But now to come down to the cause of the apparent paradox which 
forms the subject of this paper. 

It would seem, tp one who had not thought upon this subject, that 
nothing in nature can be easier than the cure of excessive production in 
the midst of an overcrowded, starving, and naked population. One has 
only to preach Christianity, and cry, " Come buy wine and oil ; . aiid he 
who hath no money, let him come buy wine and oil without money and 
without price." 

It will be observed that th^bone on which the misfitting shoe, pinches 
is simply in the want of money on the part of those who want evjery 
thing else ; that seems to be the great turning point of allth^ ^j^culty. 
I say seemSf because the real difficulty lies deeper in huzpan jp^tare, 
since things physical when out of joint pain us because we are meia- 
physicaJly wrong. But we will not at present pursue this poif^t^ ^nce 
it is equally true that the physical reacts upon the metaphysical^ soj^hat 
the higher class of minds may well begin to '^ feed the hun^gry.and 
clothe the naked, as the best means of making peace on earth and good 
will amongst men/' — nothing being more true than the word^ of Bi^ 
con, that '^ of all causes of revolution, want is the worst." Moreover, 
statistics have shown, that in Scotland, after the improvement m looms 
took place, crime increased with the want induced by a continuous fall 
in wages, from between eighty and ninety cases per year, to between, eight 
and nine hundred. More and more severe laws were enacted, but we 
repeat, " necessity knows no law." And as to Christianity, w^ the 
preachers to begin to cry as we have quoted, and thus invite th^ poor 
and the necessitous to take from granaries and storehouses '^ without 
money and without price," would they not themselves be sent up to the 
penitentiary, as inciters to mobs and riots, or to the lunatic asylum, as 
if madmen? The hallucination of kind hearts is powerless in cases 
which have taxed the intellects of calm, reasonable men. 

Nor will a common stock of property avail* It has been oHen tried 
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The inducement to labor is destroyed when the indolent and careless 
folds Lis hands and throws upon the careful, prudent, and industrious 
the labors of the heat and burden of the day, and thus all fall apart 
unless sustained by some enthusiasm, which only in some few rare in- 
stances exists. And they must be sustained by laws of those who 
make the laws for them. 

But to resume. It will appear that what both the people on one 
side, and the holders of large stocks of goods and produce want, in 
times of excessive production and excessive population — so termed — 
t)n the other, is more money to effect sales, and thus give employment 
and fair wages. The paradox is simply a stagnation in the circulating 
medium of commerce and trade. 

As if the blood in a man's body had met with an obstruction by an 
ossification of the valves of the heart. Wlien that happens, it is not 
because of any excess of blood, but because the blood has deposited 
bony inatter wbere there ought to have been flesh, to speak generally. 

I mean to' say that the whole difficulty arises from the bad nature of 
the money of trade and commerce, whether it be specie or its repre* 
eentative, paper-money, or the representative of the representative, the 
credit system, on the books of bankers when no money actually passes. 
Oui purpose is to make this truth appear. 

But first let us refer to one or two facts, the results of experiments. 

It has been discovered by experimental farmers, that by the spade 
husbandry Ireland alone is adequate to the support of all the people of 
Great Britain and Ireland. But beef, butter, hay, and potatoes have 
been exported from Ireland, while a large portion of the people were 
in actual want of the common necessaries of life. Their products were 
brought to America and sold at a profit to the merchant here, while it 
seemed we had an excess of productions. Thus the poor of that de- 
voted country were starved from actual want, while our laborers were 
thrown out of employment. 

It will be found, that in theory, the simple feet of the withdrawal of 
money from circulation in Ireland, and the issue of a greater amount 
of money — pure or mixed — in proportion to articles having exchange- 
able values, makes prices lower in Ireland than in this country, entirely 
irrespective of the crying wants of the poor producers of wealth in 
either country. In a word, cheapness and deamess, or money prices, 
form no criterion by which to judge ofi3ie real value of any thing to any 
nation. We require a true standard of national values. 
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Under present circumstances it is possible to bring to bear and con- 
centrate a dozen of poor liands on a poor soil, with poor machinery, 
against one with every natural and artificial advantage. Indeed this is 
now actually done continually, and has been done for* many years. Al- 
ways, in fact, more or less, heretofore. 

Take, for example, the cotton grower of Ilindostan. 

An anna — about three cents of our money — will pay for a day's 
labor, while a slave's labor in our southern States, valued in our 
depreciated currency, may be reckoned at thirty cents per day. It 
will be perceived that by this estimate the employer of free laborers in 
Ilindostan is enabled to bring to bear ten hands against our one, and 
thus is it no longer a mystery that he can send his poor, yellow, dingy, 
short stapled cottons, on the backs of buffaloes a thousand miles, over 
bad roads, down to the coast ; and thence around the Cape of Good 
Hope to Liverpool and Havre, and there sell it at half the price of our 
fine long staples — they having only the chourka to pick it from the 
seed, whereby it requires two men to i)ick out forty pounds a day, 
against our cotton gin, which cleans several hundred pounds a day by 
steam, or horse, or other animal power. 

In a word, with every natural and artificial disadvantage, those "out- 
side barbarians " arc an overmatch for us, simply because it happens 
they have a currency small in proportion to all the means of subsistence, 
while we have a depreciated currency, in which much money is required 
to buy a little of goods or produce. 

It will be perceived, that all free trade dogmas fall to the ground 
before these simple facts. As to tariff doctrines, they fare little better, 
because upon the principles just suggested, our bankers have only to 
emit a certain amount more of specie, paper, or credits, after an in- 
crease of the tariff of duties, and the foreign manufacturer finds prices 
in our country raised so high that he is thus enabled to pay our duties 
and still retain a higher profit than the Americiin manufacturer can 
have, with wages and the raw material and usury enhanced against him, 
by the depreciation of our cuiTcncy. 

In truth, the foreign nation has only to withdraw a certain amount of 
its currency to counteract any rise we may make in our tariff. For 
these artificial causes of high and low prices are only one or two items 
in the calculations of the merchant, who even makes a profit on the 
duties he pays. All the merchant asks is ^' steadiness/' so as to know 
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how to calculate. If you increase the currency, he imports, and gets 
the difference as profits on imports. If you decrease the currency, 
prices fall, and locked up granaries hecome profitable as furnishing 
materials for export. After the great crash in 1857, the granaries 
were unlocked, as the expansions of the currency were contracted, and 
in a few weeks balances against us began to be paid and confidence 
was restored. The writer can prove he foretold to a day, immediately 
after the failure of all the banks, when prices would begin to rise again ; 
BO entirely within the control of reason and science are these so-called 
" panics," which may well be considered as in fact the delirium tremens 
of trade, arising from that stimulant, bank paper, by the credit system. 

But there are those who fancy paper-money has built up America, 
and made its " wilderness to blossom as the rose.** That we could not 
move a step without it as a people, however almost every patriot from 
Washington down has warred against it, and Jefferson has termed the 
prejudice of some minds in its favor a mania. Indeed there are those 
who are inclined to doubt one's orthodoxy if he doubt the power of the 
holy ghost of specie, " the almighty paper dollar." It is no part of our 
duty to reason with such madmen. We refer them to authorities. 
Webster has said truly, " The founders of our government, and those who 
enacted the first statutes on the subject, were hard money men,^^ ''^ But 
considered scientifically, the evils of ^ hard money ^ are almost as great as 
those of the ordinary kinds of paper-money. This will be perceived on 
an analysis of the regular course of trade, in any specie-paying country. 
Let a certain district represent the world, and this fact will appear. 
Seeming excessive production will arise and its concomitant, excessive 
population. Thus : 

Remembering the fact that a given amount of money represents a 
given amount of goods by prices dependent on the amount of labor it 
would cost to produce the like as a general rule, prices must fall as the 
amount of goods increases by machinery, and this destroys the induce- 
ment for the master manufacturer to go on employing hands, because 
thereby he cuts short his profits and must fail in business. The prices 
at length would not pay him for the labor and the raw material. The 
effect is the same as a curtailment of loans and discounts by the banks. 
For it is just the same in effect if we make more goods in proportion 

*• In his great argument on the charter of the United States Bank. 
VOL. xin. * 30 
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to the amount of money in circulation as to make less money in circu- 
lation in proportion to the amount of goods manufactured and on mkd* 

I have stated thus the whole difficulty in the paradox termed oxeea^ 
sive production and excessive population. The money to represent 
new goods does not increase side by side with the increase of goods 
manufactured. 

It may be thought that paper-money fabrications come in exactly to 
supply this want. But such is not the case. They do btusiness only to 
make good dividends, and " let things regulate themselves." They do 
not take these matters into their accounts at all. Mr. Biddle admitted 
that the disorders in the currency, and trade and commerce arose from 
<< overtrading, brought on by overbanking, and the remedy was to bank 
less and trade less," but we find him afterwards buying up all the CKO$r 
ton and inflating prices until the lion in the Bank of England ' — that 
power behind the throne, and greater than the throne — set Us. paw 
upon him by declaring he would discount no more paper of any in the 
American trade, whereon our staples fell one half in pcice^ oup ex- 
change came back with twenty per cent, damages against us, whole 
rows of buildings in our country, with our New York Exchange, f<dl 
into British hands, and when we had left upon our backs bardly a lalt 
garment, that priest of Manmion, the Rev. Sidney Smith,, who laid up 
his treasures in Pennsylvania bonds rather than in heaven, raised, t^ 
cry of stop thief on us all over Europe for repudiation. • Such . finan- 
cial forays may be practised on us and are practised, so that as a iiali^m 
we are swamped in debt, with hardly the power to suistain a three yoajrs' 
war.^ Indeed at that time Mr. Webster said the British should be 
driven from the Aroostook territory before the Fourth of July, but all 
our money being drawn away, the " sinews of war were cut," and be 
accepted as a fair remuneration for a military road to our oountryfs 
heart — the great lakes on our northern frontier — a penny whi«Jtle 
in the shape of a poor fort, in our power at any time, and some oiher 
trifles, and when asked why he had not driven the British o£f as he had 
said, replied he '^ did not say what Fourth of July he meant," In a 

word the depreciated currency of our country induces only a superfi- 

^ — ■ ■ ■ I I ■ ■■■-■■■■■. 1 1 ■■-«■« ■ 

* The first act of England is to break every bankj and every bank then turns 
against our government and charges enormous usury for loans of paper, so that we 
are -robbed more by the banks than by the open enemy. Our gOTemment seeurlti&s 
>fell ten per cent, a year in our last EogUsh war. 
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cial appearance of prosperity, and only weakness in the trying hour. It 
renders us an importing nation — we sink in debt when we have every 
natural advantage to export. In the mean time what ought to be reg- 
ular business is more hazardous than a fair game of chance. 

But to some this is the greatest recommendation of the credit system. 
Hear what Voltaire confesses for himself upon this subject as innocently 
as any " babe of grace." " Here am I," said he, writing to a friend 
from Forney in Switzerland, " living in a way suited to my habits and 
oaring little for to-morrow, for I have a friend a director in the Bank of 
France who writes to me whenever money is to be made in the public 
funds. Sometimes he writes to me desiring me to sell because we are 
going to withdraw a quantity of notes ; at other times he bids me to 
buy because we are going to issue more notes, and so through the kind- 
ness of my friend I always make money." 

But this is evidently no better in principle than to play in a faro bank 
with marked cards, or at any time with loaded dice. 

In ordinary gambling the banker lets his customers know exactly 
what percentage of the game is in his favor, but on the Yoltarian sys- 
tem of expansions and contractions of the currency in our country, it 
has been calculated that ninety-seven per cent, of all who deal with our 
bankers fail. Indeed many who act without knowing the nature of the 
game which larger banks may play on smaUer, as in the Biddle case 
and Bank of England, are themselves the victims. The great fish, in 
a word, devour the small. But to explain these things is not a certain 
cure of them. Many in like manner use tobacco and also ardent 
spirits, knowing they do them injury. The difEicnlty, as before hinted, 
lies ftur back in human nature, and the constitution of society. For 
the human will is governed as the mariner's needle is operated on by 
loadstone. A small fragment of loadstone, near the needle of the com- 
pass of the mariner, deflects it from the northerly direction more than 
the large mass remaining at a distance, and hence is it that many 
actually believing in eternal rewards and punishments, still give way to 
the present momentary temptation, regardless of all principles, until 
death approaches and stares them in the face, and then it is too late. 

The analogy of physical science is found thus in the moral and re- 
ligious. Motives operate upon the human will — taking time instead 
of space — inversely, as the squares of the distance. 

Thirty-nine lashes directly laid on the bare back of a thief has a more 
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moving effect on bim to the path of common honestj, than all the moral 
suasion in the world. Only let him be sure to take the remedy the 
moment he is caught, and the argument comes home at once to bis 
business and bosom. In a word, the animal man, without moral sense, 
and holding to the principle that '^ might or cunning makes all right," 
can be reformed only on his own principle. With what measure they 
mete to others must it be measured unto them again. Moral suasion 
can have no effect where moral sense is wanting. Such are the con- 
clusions to w^hich this most important subject leads. What is required 
as far better than punishments, however, is a system of cooperation and 
a medium of exchange, by which it shall be to the direct self-interest 
of each to act consistently with the greatest good of all, as in an army in 
action every blow the soldier strikes and every shot he fires is as much 
to the advantage of him as to the whole. In the mean time each has 
his own pay and spoils to dispose of as may best suit himself, without 
doing injury to others. And this is the grand desideratum of scientific 
government. 

For the common idea of ruling by punishments exclusively, presup- 
poses the rulers are better than the peopH where9s the experience of 
the world proves precisely the reverse. The lambs of the flocks are 
always in more danger from the shepherds who love succulent young 
flesb, than from the wolves. At least it is only a question of time wM^h "^ 
shall devour them. Society is like a perpetual motion withooit a prime 
mover, and it does not go. It comes to a dead lock in ways less inno- 
cent than we have seen in the" explanation of the paradox which was 
the more immediate subject of this paper. 

It seems to the writer, therefore, that the calm reasonable minds 
which constitute this learned body of scientific men, while they have, 
done well to bring in the mathematicians and the chemists, know full well 
— being founded by geologists — that the world not having been " made 
in a day " ought to go on and establish an ontologiccd department^ for 
the discussion and establishment of general principles of political ^on- 
omy and government, including thus '^ all that man desires on earth as 
useful or delightful to him." Society at large calls for such .a demon- 
stration at our hands. The steps taken hitherto lead to it. The men 
who can take the lead in chemistry, geology, and the mathematics have 
compeers in other sciences and arts, however excellent themselves. 
Why, therefore, not extend to them the welcome hand of confraternity^ 
in a country where our interests are one and indivisible ? 



TITLES 



OF 



COMMUNICATIONS.* 



A. MATHEMATICS AlO) PHTSICS. 

1. On the Theory op the Comet's Tail. By Benjamin 

Peirce. 

2. On the Mass of the Moon. Bj* Stephen Alexander. 

3. Some Observations on Ozone. By John Brocklesbt. 

4. A Question on the Earth's Dimensions and the Metre. 

By Stephen Alexander. 

5. On the Mathematical Theory op Music. By T. H. Sap- 

ford. 

6. On Meteorology. By Joseph Henry. 

7. Researches on the Platinum Metals. By Wolcott 

GiBBS. 

8. Frozen Wells and Cold Springs. By John Brocklesby. 

9. Note on Comets. By Stephen Alexander. 

10. History of the Theory of the Physical Constitution 
op Comets. By Benjamin Peirce. 

♦ The foUowing papers were also read : of some, no copy has been receiyed fojr 
pubtication ; of others, it was voted that the title only should be printed. No notice, 
even by title, is taken of ardcles not approved, 

30* 



s5a mathematics akd physics. 

11. Ok the Alleged Occurbence op Sand in Maple Sugab. 

By E. N. HoRSFORD. 

12. On the Source op Carbonate op Lime in Organic Struc- 

tures OCCURRING IN Sea-Water. Bj E. N. Horsfobd. 

13. Harmonies and the Ancient History of the Solar Sys- 

tem. By Stephen Alexandeb. 

14. Personal Peculiarities op Astronomical Observers. 

By Benjamin Peirce. 

15. On the Determination op a Comet's Orbit. By T. H. 

Safpord. 

16. On the Geometrical Construction op Curves of higher 

degrees than the second, having given multiple 
POINTS. By H. A. Newton. 

17. Hindu Astronomy. By W. D. Whitney. 

18. Common Origin op the Asteroids. By Stephen Alex- 

ander. 

19. Disappearance op Ice in Northern Lakes. By J. G. 

TOTTEN. 

20. Heating Power op Flames. By G. A. Gould. 

21. Areas op Closed Curves. By George Eastwood. 

22. On the Prime Seventh as an Essential Element in the 

Musical Canon. By H. W. Poole. 

23. Rains and Winds op Western Coast op United States. 

By A. D. Bache. 

24. Carbonic Acid in Congress Spring. By W. E. Hughes. 

25. Prevention op Fermentation op Juices op Fruits by 

means op Sulphite op Lime. By E. N. Horsfobd. 

26. Causes op Changes in the Earth's Temperature. By 

Benjamin Peirce. 

27. On Mortars and Cements. By Q. A. Gilmore. 

28. The Cause op Steam-Boiler Explosions. By Jambs 

Hyatt. 



KATUBAL HISTOBT, 855 



B. NATURAL HISTORY. 

29. On the Occurrence of Pot-Holes formed by the Drift 

Agency. By Oliver Marcy. 

30. On a Frozen Deposit of Modified Drift. By Edward 

Hitchcock. 

31. On the Conglomerate near Newport, E. I., with elon- 

gated PEBBLES AND TRANSVERSE JOINTS. By EdWARD 
HiTHCOCK. 

32. On the Occurrence of Bones and Teeth in the lead- 

bearing Crevices of the North-west. By J. D. Whit- 
ney. 

33. On the- Geological Position of the Bones of the Ex- 

tinct Peccary of the West. By J. W. Foster. 

3i. Is Indian Corn (Zea Mays) a Native of three Conti- 
nents, LIKE Cotton and Tobacco ? By J. H. Gibbon. 

35. On the Amount and Proofs of Erosion in Vermont, with 

Special Reference to the Peaks of Protrusive Bocks. 
By Edward Hitchcock. 

36. A Systematic Referbnob Catalogue of all the de- 

scribed North American Lepidoptera. By John G. 
Morris. 

37. On Apparent Equivocal Generation. By H. J. Clark. 

38. On the Lasso-Cells of Polypi and Acaleprs. By H. 

J. Clark. 

39. On a Deposit of Fossiliferous Limestone beneath Gran- 

ite AND Mica-Slate, in Derby, Vermont. By Edward 
Hitchcock. 

40. On the Scope and Method of Linguistic Science. By 

W. D. Whitney. 



AAA n\mnkh ittitotiri 

CoNt/Ni'iNt. \\y J. it. Chhhow. 

tMtioNf< Ml lOtMNoronri n^ liiowiH II. Mot(UAft« 
4/I1 Aw Artrnvt to rMovh iiiAt tM« \ttvntim MfttAMeno^tiio 

llonttW flAVlT) hllfrN in A Vi.AWtUI (l« Mr.MI-Pl.AWtMl frfAtft 
MINltO lltom OlMOlNAt (ioNI90MliAtlOfVi It/ KhWAfiH 

ItrioMPorK. 

44. TMlMMtfr/lUiAl, Kxi't-ANATtOW (If/' 'Mftt H/wif*AMiir mctwuM 
Tlfh KmMIA nir Noiril|-IU«l r,HW AwiA, AWf> TMAt tifr KMHt- 

tu(N NoHtM Amiuim'A. It^ Aha ()HAt. 
4/). C)w TMw l''A(Uf/(ti';ti ICrtoH or ArAM<)rM/ic, fcHrr.t'iAMit or Ati- 

lir.(JA rf.AVttitlliA. n^ II. •!. ('t.AMK. 

4fl. IIjimahmh ow tfttt KoHHtti WiiAMn or Vr-HMowt (wlllt ntt «<K' 
hilillioM uf dm Nkt'IWmt)i 11/ KowAftti lltroMoooM, ifi'i 

47* Hi/iM«oArji Mtvtr,oHrrio ruoM Nonttf (UnoMfvA* lljr (li 11. 
Hnt^it'AHO. 

4«. N((I*i«ohi^o Nitoo'fiNo-MtAU WMfotf rrf.fi At (Utknimwn, 
H. (I 11/ (1. II. HfiriMfffii 

4t)i Tfft^ IMiA( rtt OotiO Mtnm or (irotouAi ano tffr) iMtttd- 
foiotoiw or iMiMOivr.fi Mr-tffooH or WofittiNd tifioM. Ily 
W. h hf.AMffl. 

ftO, (M tOtO OlHOIN ANfl KoflMAtfOW Or SffifOfOOH UoORfl. H/ 

T. H. llffNt. 

CI, Ttfh IliofiAMOMH or tfffo VvvtfM t)Af«f<oNfrfi)ffoif» Wookh or 
li.fjNOfH to tffin Ofjirft MratMf<)UH or tffffl PAt/noi«ofO Hm- 
trM. 11/ if. II. M'C^ni^Hwrr. 

fia. On tiir, MttiAtioMAi^fffOAfi I'oHitfow or tiOfl NANOntowro or 

tffW (^ONNIM'tlOllt UfVRII VAtififtti 11/ ♦!. 1). WitltWiOti 



NATURAL utnronY. 8/57 

63. On TIfK FOIIMATION OI' (IrVHim and MAOKKHfAN H0CK«. 

liyT. S. Hunt. 

fii. Ckktaim Aum wiircii dihtinouihii NA'rroNM ov tiik Ka«t- 
iCRN WouLi> riioM 'fiiK AnottHJiNKH or TiffM Wkhticun Con- 
TINKNT* I)y J. II. (liitiioir. 

!i!}p On a UKMAUKAiit.K VsuN OF Cjom> in tiik Hiai or thr Cuka- 

TATICK iilVKIi, UlCOUOIA. Hy W. P. Ih.AKK. 

BO. On tiik Foumation or Continj5Nt« and Ockans. B/ Jo- 
UKi'ii Lkoontk. 

67. Vital OiiHKitvATfONH and flrATiHTion. IJy K. H. KrjjoT. 

68. On TIIK Vkhtwal VhAUVs in 1Utuminou» and otjiku Coalb. 

I)y K. I). Andukw».* 

61). On tiik Minkuals and Anciknt Mink« or tiik Ciikuokkk 
VAiJ.Kr UiVKK, NoiiTU (Jauomna. l\y W. l\ Ulakk. 

* Tho olijijci of tbfi ptper wm to Invlio tha ntusntfon of obMirrori to the fact, 
t)wt thimd vtirtit'itl Mu\ vryutMm \Amwh Uhvo, ovt^r ItntfH'tiM) nn'tiM, ri utufunn dirtv 
titm, ftfid iliui t^i Nocuro dutii for iUturo Kf^ttAraH/Aiiotm In r<*^ur4 to ttio nnturo and 
direction of cr^Mtnllind font^M, in {mlivoiKjic tim'^Ki 



EXECUTIVE PROCEEDINGS 



OF THB 



SPRINGFIELD MEETING, 1859. 



HISTORY OF THE MEETING. 

Thb Thirteenth Meeting of the American Association for th^ Ad- 
vancement of Science was held at Springfield, Mass., commencing on 
Wednesday, August 3, and continuing to Tuesday night, Augosk 9. 

The number of names registered in the book of members m ultend* 
ance on this meeting is one hundred and ninety, Eighty-jhe new mem- 
bers were chosen, of whom all but iwenty^one have already accepted 
their appointment by paying the. assessment, and fifty-two of them 
mgning the constitution. Thirty-four others joined the Association by 
virtue of the second or third Rule of the Constitution, all of diem 
signing the constitution and paying the assessment Three others paid, 
without a formal election, or signing the constitution ; and one signed 
the constitution without a formal election, and without paying. One 
hundred and nine papers were presented, of which most were read ; 
but only a part have been printed. Some were thought unwcgrthy of 
publication, and, in other cases, copies have not been furnished by the 
authors. 

The sessions of the Association were held in the rooms of the Citf 
Hall. 

The meeting was called to order by Professor Stephen Alexander, 
President of the Springfield meeting, who requested Bev. George B. 
Ide, D. D., to open the services with prayer. 

Professor Alexander then addressedU^he convention as foUowss 
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Fellow Members op the American Association for the 
Advancement op Science: — Entertaining, as I believe I do, no 
other than a just estimate of all that would be appropriate in your pre- 
siding officer, you will pardon me when I say that it is with an un- 
feigned self-distrust that I enter upon the discharge of the duties to 
which you have invited me, as being those of a position which I would 
not have sought, but which — regarding it as a testimonial at once of 
your confidence and your kindness — I have yet felt to be one which I 
might not, ought not, to shun. 

In the exercise of an earnest reciprocal feeling, relying implicitly on 
that saipei; kindness and eonfideace, I shall offer no apology in advance 
for the manner in which I may discharge the duties of the chair; 
though to the fullest extent sensible of how often I may need your in- 
dulgence. 

The American Association for the Advancement of Science, invited 
and encouraged though its members were by all that had preceded it, 
was yet entered upon with judicious caution, as an experiment ; but it 
has now become an enlarged and progressive experience. Eminently 
worthy are the objects which it contemplates, and worthily should they 
be pursued, with a unity of feeling and of purpose, akin in sincerity 
and earnestness to that experienced by children who, hand in hand and 
ahoplder to shoulder, are perusing — in our case, even reverently pe- 
rusing — the pages of the same book. 

Nay, more ; this oneness of feeling, of purpose, and of action, too, is 
even vital as it respects efficient progress at all. As in the human sys- 
tem, the nerve of sensibility is throughout associated and intimately 
connected with that of voluntaiy motion, so that either an inflammation 
or a paralysis of the one would almost of course be fatal to all that is 
either durable or useful in the other; and as, withal, conversely, 
an appropriate activity is itself indicative of a quick-set vitality, so 
the origin and veritable progress of an associated body, such as this, 
are themselves the index and the measure of a sympathetic coopera- 
tion. 

While, in the good providence of God, so many of us are permitted 
to reassemble here to-day, some, even since our last meeting, have 
ceased to be numbered with the living ; and first among them, in the 
order of time, was one of our most venerable members ; one whose de- 
votion to the great object of our association began ere science in this 
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coQDtrj had fully asserted itself, and cooperatioD, socfa as we now have 
it, was comparativelj unknown. Yet no history of chemistry at least 
could he regarded as complete which should fail to render due honor to 
the genius and early lahors of Dr. Bohert Hare. But not alone chem- 
istry — astronomy, too, has had cause to mourn — to mourn that he 
whom she has lost was cut off ere he had attained to an age which 
would entitle him to the epithet of venerahle. Though frequently 
threatened with dissolution, it is yet in an important sense true, that up 
to the limit when he ceased to be seen among liring men, the eye of 
William Cranch Bond was not dim, nor his natural force abated. The 
memory of his ingenuity and his discoveries furnishes him with an 
epitaph always readable and always read. 

Almost at the moment of our meeting, the progress of the anniver- 
sary exercises of Dartmouth College has brought to mind the loss 
which that institution has sustained in the decease of Prof. Ira Young, 
who was elected at our seyenth meeting, and has at other times been 
present and assisted in our deliberations. 

And oh ! we miss, withal, the cordial grasp and friendly greeting of 
Prof. Denison Olmsted, best esteemed and loved by those who knew 
him best. ' We must not be betrayed into his eulogy, which it belongs 
not to us to utter ; yet assembled as we are at this very season — even 
here and now — we might well be reminded that the progressive move- 
ment toward a regular and extended observation of the periodic meteors, 
that this derived from him its projectile force. In our annual catalogue 
of members the fatal asterisk is prefixed to yet two other names, — that 
of Joseph Clark, Esq., of Cincinnati, elected at our fiflh meeting, and 
liieut. R. Ap Catesby Jones, of Washington, elected at our eighth 
meeting. The removal of the dead imposes new obligations to a united 
and vigorous effort on the part of those who survive. 

Under every aspect, we have reason to congratulate one another on 
our place of meeting. What wonder that it needed no second invito* 
tion to induce us to select such a place as this ; while we at the same 
time remembered, as we ought, how Springfield invited us three years 
ago. And even now, arriving as we do in obedience to our own 
motion, we find that the citizens of Springfield, with a courtesy and a 
kindness which are their own best praise, stand ready to welcome, in 
the person of their most appropriate representative; — a welcome from 
which I will no longer detain you. 
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Major Calhoun was tben introduced to the meetingy and welcomed 
the Assodation to the dty in the following address : 

Mb. Fresi]>jgnt, and Gentlemen of the American Associa- 
tion FOE the Advancement of Science, — In behalf of the gov- 
ernment and citizens of Springfield, I have the honor and pleasure of 
bidding you welcome on this, the occasion of your annual meeting. 
The invitation to pass the week, which you devote as a body to the 
claims of Science, in this comparative retirement in the valley of the 
Connecticut, was presented to you by the public councils of this dty of 
a former year. They honored themselves by thus honoring you, and, 
through you, the cause of science. The present city government 
respond fully and cordially to the wishes, the purposes, and the saluta- 
tions of their predecessors. 

We bid you welcome, because we know, and see, and feel the impor- 
tance of science, and of all good learning and knowledge. It is true, 
we have no institution amongst us devoted distinctly and systematically 
to the promotion of science, aside from those 8cho<^ in which, through- 
out all the accustomed gradations, our youth are trained to that mental 
culture which our laws so happily require. But we have here, very 
largely, the fruits, the practical applications of science — in that large 
body of intelligent mechanics and artisans of various classes, who, if 
you shall have leisure to examine their works, will be reminded by you 
of the great principles developed by yourselves and your coadjutors, on 
which their beautiful and finished products depend. 

We welcome you, because we desire to seize this occasion, and all 
occasions, to renew our fealty to the great purposes of the men to whom 
we owe our origin. They placed religion first — blessed be their mem«> 
ory that they did so. But they made all science, all knowledge, the 
object of their unceasing devotion and unwearied efforts. We hail the 
advent of this Association amongst us, because we desire to be drawn off 
from schemes and exhibitions, merely or mainly of a sensual and ma- 
terial kind, to such as make man, the immortal spirit, prominent and 
preeminent. We are reminded, too, of the obligations devolving upon 
us by the provisions of our constitutional charter, which declares it to 
be a '^ duty " ^< to cherish the interests of literature and the scienees, to 
encourage private societies and public institutions ; to promote agricul- 

vol. XIII. 31 
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ture, arts, sciences, commerce, manufactures, and a natnrai : lustory of 
the country ; to countenance and inculcate the principles of humao^j 
and general benevolence, public and private charity, industry and fru- 
gality, honesty and punctuality, sincerity, good humor, and all social 
affections and generous sentiments among the people.'' I need not say 
how intimately and indissolubly these noble requirements of the consti- 
tution of our Commonwealth stand connected with the pursuits in which 
the members of this Association are engaged. 

We welcome you to this portion of our country, gentlemen, because 
we think you will here find some things to interest you in the walks of 
science, strictly so called. You will visit the college in our vicinity — 
arising and already distinguished institution of learning — in whose 
halls you will be greeted by the voice of science, and be privileged to 
witness its large and increasing appliances, and to rejoice in some of its 
triumphs. Here, too, in this range of country, you will find Ihosa tiaoks 
of birds and animals, various and numerous, which have attracted«o much 
both of popular and scientific attention, and which carry us back, in a 
sort of bewilderment, to ages, if not beyond the power, at least hejand 
the certainty, of computation ; those tracks which have been made ^ 
ntter the language of science through the researches and inveatigations, 
as modest as they have been profound, of an eminent associate of your 
own. 

We welcome you, because we delight to do honor to those pursU^ 
which, in retirement and repose, without any of that glare which too 
often blinds and bedizens, are working out the true good of man, and 
garnering treasures ci unfading renown. We are just now beginning 
to breathe freely again, after the monstrous exhibitions of sdf«-^oxy, 
treachery, and war on the plains of Italy. Whilst, under the pressdre 
of power and carnage, man continues to be trodden under foot, and the 
world shouts victory, be it ours still to strive and pray, that the woiid 
may, even though slowly, yet surely, be advancing in wisdom ; -and to 
rejoice in the progress of that science which elevates, never depresses, 
humanity. 

We welcome you, gentlemen, in a closing word, because of the 

influences which we cherish the hope, nay, the unfisdtering belief, 

you will be sure to leave behind you — influences to reach the heart, 

. to be felt in the life, and to lift up the spirit: influences whieh may 
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gaide as to the meaning of the poet^ when he answers his own ques- 
tion, 

" Wliat constitntes a State ? " 
bj that apt and terse averment, 

" Hen, high-minded men." 

These constitate a State. These are at once the ornament of a com- 
munitj, and its imperishable foundation. 

Men of science, we greet you ; we bid you welcome. 



On Friday, August 5, at 8 p. m., the address of the retiring Presi- 
dent was given at Hampden Hall, by Professor Alexis GaswelL 

No lengthened abstract of the proceedings, scientific and executive, 
of the Baltimore Meeting of the Association, is necessary in this place, 
as they are contained in full in the papers and resolutions printed in 
this volume. 

The Association voted to hold their next meeting at Newport, B* I., 
on Wednesday, the 1st of August, 1860. 

The officers elected for the next meeting are, Isaac Lea, Esq., of 
Philadelphia, Penn., President ; Dr. B. A. Gould, Jr., of Cambridge, 
Mass., Vice-President; Professor Joseph Lbcontb, of Columbia, S. 
C, General Secretary ; and Dr. A. L. £lwtn, of Philadelphia, Treas- 
urer. The Permanent Secretary, Professor Joseph Lovering, of 
Cambridge, was elected at Baltimore for a third term, commencing with 
the Springfield Meeting. « 

During the session of the Association, the members and their ladies, 
besides receiving many private hospitalities, were elegantly entertained 
on Wednesday evening, August 3, by Hon. Geoi^ Bliss; and on 
Thursday evening, August 4, by the Ladies of Springfield, at the City 
HalL On Saturday afternoon, an excursion was made, by invitation, 
to Amherst College, to witness tl^e rich scientific collections of that in- 
stitution. On this occasion the students escorted the Association and 
their ladies, including many ladies and gentlemen of Springfield, from 
the depot to the beautiful hill on which the Colleges stand, and an ex- 
cellent collation was provided by the ladies of Amherst 
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RESOLUTIONS ADOPTED. 

Sesohed, That the American Association for the Advancement of 
Science regard with great interest the efforts making by the British 
Association for the Promotion of Science, to induce the reSstablishment 
of the Colonial Magnetic Observatories for a new series of simulta- 
neous magnetic and meteorological observations. 

Resolved, That the officers of this Association be requested to com- 
municate this resolution to the officers of the British Association. 

Resolved^ That the Association commend to the friends of Astro- 
nomical Science throughout the country the suggestion of Lieut J. M. 
Gilliss, that another Expedition be undertaken to detemune the solar 
parallax, by observations of Mars and Venus. 

Resolved^ That a committee of seven be appointed by the President 
of the Association, to consult with Lieut. Gilliss in relation to tlie 
means of carrying out the suggestion in the most effective manner. 

Resolved, That the Permanent Secretary be requested to notify the 
chairman of each special committee, one month befoi*e the aniiual 
meeting, that a report is expected from him. 

Resolved, That the thanks of the Association be presented to "Pro- 
fessor Caswell for his valuable address as retiring President, and that 
250 extra copies of it be printed for his use. 

Resolved, That Prof. Joseph Leidy be requested to address the As- 
sociation upon the extinct Mammalia and Reptilia of North America. 

Resolved, That Prof. Joseph Henry be requested to deliver a lecture 
on Meteorology before the Association at the next annual meeting. 

Resolved, That Prof. A. D. Bache be requested to deliver a Ie<itnre 
on the Gulf Stream at the next annual yieeting. 

Resolved, That Pirof. Joseph Henry be requested to prepare a me- 
moir to be read before the American Association, on the scientific ser- 
vices and contributions of the late Dr. Robert Hare. 

Resolved, That no action is necessary in regard to the motion to 
admit ladies as members, inasmuch as two ladies have already been 
admitted. 

Resolved, That it be recommended to the Association of the next 
year to hold a winter session, in some southern city. 
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VOTES OF THANKS. 

Resolved^ That the thanks of the Association be presented to the 
members of the Local Committee, their distinguished Chairman and 
efficient Secretary, for the valuable services which they have rendered 
us in providing every possible facility for carrying out the objects of 
our meeting. 

Resolved, That the thanks of the Association be presented to the 
Mayor and Corporation of the city of Springfield, for the courteous wel- 
come extended to us, and for their liberality in appropriating to our use 
the rooms of their fine City Hall. 

Resolved, That we present to the ladies of Springfield our most 
cordial thanks for the brilliant and most successful reception given to 
the ladies and gentlemen of the Association, at the City Hall. 

Resolved, That the thanks of the Association be presented to the 
Faculty of Amherst College, for the courteous invitation to visit them, 
and for the liberal manner in which they threw open to us their Scien- 
tific Treasures. Also to the ladies of the beautiful village, for their 
elegant entertainment ; and also to the Superintendents of the Hail- 
roads for their liberality and good management in the appointments of 
the excursion. 

Resolved, That the thanks of the Association be presented to the 
Superintendent of the United States Armory, and to the directors and 
proprietors of the other institutions of public interest, who have 
tendered to us courteous invitations to visit them. 

Resolved, That the thanks of the Association be tendered to the 
Eailroad Companies and Steamboat Companies who have shown their 
interest in the advancement of science, by extending to its cultivators 
gratuitous facilities for returning from this meeting, and whose names 
will be found in the circular and card of the Local Committee, as well 
as be practically made known to the members from a distance. 

Resolved, That the thanks of the Association be presented to its 
President for the courtesy and impartiality with which he has dis- 
charged the duties of his office ; and to the Greneral Secretary, for the 
precision and system which have so much facilitated the despatch of our 
business. 

81* 
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EEPORT OF THE PERMANENT SECRETARY. 

The Gonstitntion of the Association requires that the FermaneiSt 
Secretary of the Association should make an annual report, to the 
Standing Cbmmittee, of the business of which he has had charge since 
the last meeting of the Association. 

The official duties of the Permanent Secretary, which he has been 
caUed upon to discharge since the meeting at Baltimore, may be. classi- 
fied as follows : 

1. Correspondence for the Association, which is vast and laborious. 

2. The issue to about one thousand individuals of various circulars 
and notices. 

Si The collection of the annual assessment from so large a number. 

4. The preparation of the Baltimore volume of Proceedings for 
the press, its revision, publication, and distribution, and the sale and 
distribution of the twelve volumes of Proceedings generally, at home 
and ahroad. 

5. The care of the property of the Association ; namely, its manuscoript 
!Records and its printed Proceedings — the latter of which now azaount 
to five thousand five hundred and eighty-two (5,582) volumes, which 
are carefully cased and deposited in a separate room at Cambridge, for 
which the Association pays no rent. 

The number of living members of the Association at this date 
(August 3, 1859) is nine hundred and sixty-two (962) ; sixty-six (66) 
names have been struck from the previous list, each of whom was in 
arrears for nine dollars, making a total repudiation of five hundred 
and ninety-four dollars (594) ; and ninety-five (95) new members were 
added at Baltimore, so that the net increase above the number printed 
in the Montreal volume amounts to twenty-nine, and of living members 
to twenty. 

From the commencement of the Baltimore Meeting to this date (the 
morning of the first day of the Springfield Meeting), eighteen hundred 
and mnety-six dollars and thirty-three cents ($1,896.33) have been col- 
lected by the Permanent Secretary ; seventeen hundred and sixty-three 
($1,763) in payment of assessments, and about one hundred and thirty- 
three dollars by the sale of volumes of Proceedings. The arrears now 
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due from old members, exclusive of the Springfield assessment, make 
• an aggregate of two thousand one hundred and nine dollars ($2,109). 
The expenditures incurred for the Association during the same 
period have drawn from its treasury sixteen hundred and sixty-one 
dollars and seven cents ($1,661.07), the details of which are printed in 
full in the Springfield volume. They may be distributed as follows : 

1. For printing, binding, illustrating, etc., the Baltimore volume, nine 
hundred and ten dollars. 

2. Expenses in connection with the Baltimore Meeting, one hundred 
and eleven dollars. 

3. Salary of the Permanent Secretary, five hundred dollars. 

4. Postage, stationery, etc., one hundred and forty-one dollars nearly. 
The balance in the hands of the Permanent Secretary has increased 

since the last annual report from three hundred and fifty-three dollars 
and fifty-nine cents to five hundred and eighty-eight dollars and eighty- 
five cents. It appears by the Treasurer's report that the balance in his 
hands has increased also, by six dollars, and that it now amounts to five 
hundred and twenty seven dollars and seventy cents. This balance 
suffices to keep the Association sufficiently beforehand in funds to en- 
able it to make its contracts for paper, printing, etc., to good advantage. 
It could not safely be diminished ; and is not likely to be much in- 

cre'ased. 

Joseph Lovering, 

Permanent Secretary. 
SpBiNOriBLD, August 3; 1859. 
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CASH ACCOUNT OF THE 



Dr. 



American Association in 



McDonald, for binding records, 

Express to Baltimore, 

Selby, as clerk at Baltimore, 

Waitt, travelling box for records, etc., 

J. D. Runkle, services on programmes, 

Metcalf & Co., for circulars, 

Buck's express. 

Mills, for services, 

Hollingworth for old volumes. 

Glover for paper, 

Bien, for printing plates, 

Kilbum & Mallory, for wood-cuts, 

Allen & Famham, for printing, 

Rice & Kendall, for covers, 

Elliot's bill for committees, 

Higgins & Bradley, for binding, . 

Salary of Permanent Secretary, 

Expenses in attending meeting, • 

Welch & Bigelow, for circulars. 

Postage and discount. 

Index to Baltimore volume, • 

Stationery, 

McDonald, for binding. 

Journey to Springfield in May, 

Buck's express. 

Balance to next account. 



$8.00 

2^4 
19.00 

2.00 
15.00 

9.50 
26.24 
20.00 

2.25 

243.05 

106.50 

24.50 

428.88 

6.42 

3.00 
68.18 
500.00 
75.00 
10.00 
43.70 

5.00 
10.00 

1.50 
16.00 
15.11 



$1,661.07 
588.85 



$2,249.92 
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PERMANENT SECRETARY. 



Accatmt with Joseph Lovering. Cr. 

Balance from last account, ..... $853.59 
Assessments, etc. (from No. 1 to No. 476 of Cash Book), 1,896.33 



$2,249.92 
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STOCK ACCOUNT OF THE PERMANENT SECBETABY. 



Volumes DistrihUed or Sold, 



Toluxnes 


L 

2 
2 


XL 

2 
2 


ni. 

3 
8 


IV. 

1 
2 


V. 

« 

3 

4 


VI. 

• 

1 
2 


vn. 

5 

1 

6 


VIII. 

5 
1 

6^ 


IX. 

5 
2 

, 7 


X. 

6 

e 

16 


XL 


XU. 


PEUYEKED TO 

Boston City Library 
Nantucket Athenaeum f 
Albany State Library 
Phil. Acad. Nat. Science f 
Phil. Philos. Soct 
Providence Athenseum t 
Brown University 
Yale CoUeget 
Harvard CoUegef 
American Acadenay f 
Boston Nat Hist Societyf 
Boston Athenaeum 
Montreal Nat. Hist. Society t 
Super*t Education, Montreal f 
Smithsonian Institution f 
Lyceum of Nat Hist N. Y.f 
Maryland Institute t 
Maryland Historical Society f 
Sold 
To Members 


49 
66 


13 
MS 

1 393 


Total 



List of European Institutions to which Copies of Volume XZL of the 
Proceedings of the American Association were distributed hy the Per- 
manent Secretary in 1859. 

Stockholm, — Kongliga Svenska Yetenskaps Akademien. 
Copenhagen, — Kongel. danske Vidensk. Selskab. 
Moscow, — Soci^t^ Imp^riale des Naturalistes. 



• Sold. 

t By order of the Association. 

X Partly in exchange for rarer volumes. 



BTOCK ACCOUNT OF THE PERMANENT SECRETARY, ETC. 371 

St. Petersburg, — Acad^mie Imp^riale des Sciences. 
" " Kais. Buss. Mineralogische Gesellschaft. 

Amsterdcfm, — Academie Boyale des Sciences. 
Haarlem, — HoUandsche Maatschappij der Wettenschappen. 
Berlin, — K. P. Akademie der Wissenschaften. 
Brealau, — K. L. C. Akademie der Naturforschen. 
Franchfurt, — Senckenbergische Naturforschende Gesellschaft. 
Freiberg, —•>• Koniglich Sachsische Bergakademie. 
Leipsic, — Koniglich Sacliische Gessellschaft der Wissenschaftan. 
Gettingen, — Eoniglich Gessellschaft der Wissenschaften. 
Munich, * — K. B. Akademie der TVissenchaften. 
Prag, — K, Bohm Gesellschaft der Wissenschaften. 
Stuttgart, -*- Verein fiir Vaterlandische Naturkunde. 
Vienna, ■< — K. Akademie der Wissenschaften. 
." ;K. K. Geogtaphischen Gessellschaft. 

^' Geologischen Eeichsanstalt. 

Bern, — AJlgemeine Schweizerische Gesellschaft. 
JBiflwrf, —t Naturforschende Gessellschaft. 
Cfeneve, -*— ISoci^t^ de Physique et d'Histoire Naturelle. 
Neudhatd, — Soci^t6 des Sciences Naturelles. 
BruxeUes, — Academic Royale des Sciences, &c. 
lAege, — Soci^te Bojale des Sciences. 

LiUe, — Society Nationale des Sciences, de TAgriculture et des Arts. 
Paris, — »• Ihstitut de France. 

" Soci^t^ Philomatique. 

Dijon, — Academic des Sciences, &c. 
Turin, — Accademia Reale delle Scienzie. 
Madrid, — Real Academia de Ciencias. 
Gamibridge, — Cambridge Philosophical Society. 
Dublin, — Royal Irish Academy. 
Edinburgh, — Royal Society. 
London, — Board of Admiralty. 

East India Company. 

Museum of Practical Geology. 

Royal Society. 
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BEPORTS — COBBESPONDENCE. S73 



BEFOBTS. 

The Committee on Arctic Explorations, appointed at the Baltimore 
Meeting of the Association, report that thej have attended to the duties 
intrusted to them, and have cooperated with Dr. I. L Hajes in his efforts 
to obtain means to fit out another expedition to the Arctic regions. 
Thej would express their increased interest in the subject from recent 
developments, furnished by the discussion of Dr. E. K. Kane's meteoro- 
logical observations, and would ask to be continued. 

Bj order of the Committee, 

A. D. Bache, Chairman, 

Spbikgfield, August 5, 1859. 



CORRESPONDENCE. 
To THE AUEBIGAN ASSOCIATION FOB THE ADVANCEMENT OF 

Science : — It will be remembered bj the Association, that a method 
was proposed by Dr. C. S. Gerling in 1847, whereby the solar parallax 
might be deduced from observations upon the planet Venus, near her 
inferior conjunctions, without awaiting the transit of the planet to take 
place in 1874 ; that the proposition was very generally discussed by 
American astronomers, and that, though some of them then doubted its 
practicability, the majority united in recommending an expedition to 
the southern hemisphere for the purpose of giving it a fair trial, and for 
making a series upon the planet Mars near the oppositions of that 
body. 

The expedition having been authorized by Congress, departed firom 
the United States in 1849, and was absent three years. On its return, 
its observations were placed for discussion in the hands of Dr. B. A. 
Gould, an astronomer well known to be eminently qualified for the task, 
and one whose absence from the United States in 1847 left him uncom- 
mitted upon the merits of a result from the special method. 

His elaborate memoir preceding the mass of observations, published 
in Yol. III., U. S. N. Astronomical Expedition, is conclusive, and no 

YOL. XIII. 32 



374 COSBSaFOHDEHCE. 

one can now donbt that the distance of the son from the earth maj be 
ascertained bj corresponding obseryations in two hemispheres, made as 
were those in Chili. 

Whj did the expedition fail to determine this distance more acco- 
ratelj ? This question has been a subject of mach thoaght to me. JS'ot 
thought prodnctiye of self-mortification or pain for mj own want ci 
zealf or energy, or skill in manipulation, but of earnest regret that as- 
tronomers of the northern hemisphere, and more especiaDy some of 
those in mj own country — regardless of the claims due to the trial of 
a method so strongly reciMnmended — should, by their neglect to make 
the corresponding obserrations, tacitly conmiit an act of discourtesy to 
co-laborers who had solicited their help. Beflect about it as I may, the 
conclusion is always the same ; for the proposition went to them firom 
Bache, the Bonds, Peirce, Walker, and others, who justly merited their 
confidence. 

In support of the preceding conclusions, it may be proper to quote 
from two of many letters before me. In the first Prof. Peirce wrote 
of me : '^ He has demonstrated the possibility of a new and untried 
method of its (the solar parallax) determination, and if the requisite 
observations had been made by the astronomers of the northern hemis- 
phere, with all the appliances so readily at hand, with the same fidelity 
and skill which are manifested in his own observations, conducted under 
much difficulty at his temporary station, the solution would have been 

all which could be desired How greatly would it not redound 

to the advancement of science if he were directed 

to undertake a new determination of the parallax, with such ample 
powers and means as would secure the proper cooperation in the north- 
em hemisphere, and enable our American astronomer to have the honor 
of permanently establishing the value of this great basis of astronomi- 
cal measurement, and fixing the vastest of all the recognized standards 
of length." 

Dr. Gerling wrote to me : " I must confess to very mingled sensa- 
tions after examination of the volume. On one hand, I am compelled 
to admire the energy, assiduity, and zeal with which you prepared and 
carried out a work especially directed to the fair trial of a method that 
gave hope of success, and for which you had provided all astronomers 
with the ephemerides computed for your own use ; and on the other, I 
am deeply grieved — to use no stronger term — that none were found 
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to support you with a sufficient number of corresponding observations. 
Your appeal to astronomers seems to have been mainly unheard or 
neglected ; but it is not those of America only (as Peters indicates in 
No. 1177, Astr. Nach.) who are responsible, for in my judgment — and 
so I have written to him — the blame falls equally on the Europeans 
who had the means to cooperate with you. But, whilst I earnestly 
sympathize in the grief which I know the failure of this principal ques- 
tion will occasion you, I am made happy by the conviction that the 
other rich materials you have gathered for science have won for the 
expedition a glorious praise for all time. Moreover, I venture to hope 
that the problem of parallax, originated by the expedition, will soon be 
resumed, with proper means to insure corresponding observations in 
the manner you pointed out, and that your influence in both hemis- 
pheres will be sufficient to bring about another investigation which shall 
finally solve the question." 

So many other correspondents concur in the propriety of another 
effort to obtain observations from which to determine the solar parallax, 
that I can no longer remain inactive. They fully coincide with me in 
the opinion, that if the question is to be solved during the present gen- 
eration, it must be done by Americans. The late expedition was em- 
phatically brought before our learned societies and Congress as Amen^ 
can, and the results to be obtained by it, as constituting a contribution 
eminently worthy from our great nation to the old world, whose science 
we had so long appropriated without greatly augmenting. And so 
marked was the impression made abroad by the special claim for it, that 
warning came to me from Europe in the following language : 

"I do not think you can calculate upon any cooperation except that 
of your own countrymen. All our observatories are engaged in their 
own work. Paramatta has no observer j Madras has lost Taylor; 
Maclear is too near Chili, and besides has his hands full. The English 
observatories have each their own line, and would not and could not 
derange themselves, except for some scheme which promised more 
profit. Greenwich will probably give you a fine series of Venus (for 
the planets belong to her province), but I do not think you are likely 
to get much more. Neither do I think it would be desirable. The ex- 
pedition is so purely national and you have put forward its national 
character so strongly, that I would not, in your case, wish any help. 
If the thing is to be done, you have the means to do it (except heliom- 
eters), and must take it wholly upon yourselves." 
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Thus England, with observatories already established and first-rate 
instruments erected in opposite hemispheres, abandoned the field to us 
in 1849, fi>r others, perhaps, that '' promised more profit;" and, though 
Dr. Gould's discussion of the Santiago observations had not then reached 
them, from the paper read before the Astronomical Society two years 
ago we may safely conclude, that the astronomers royal, at Greenwich 
and the Cape of Good Hope, are no more ready now to derange their 
routine than they were then. No other nations can undertake it. 

These facts justify me in presenting the subject to all who are jealous 
of our national fame or emulous of our scientific progress, and I am 
especially warranted in bringing it before that body whose title assures 
me of both. In so doing, I shall discuss, somewhat in detail, the two 
principal questions which bear directly upon the sought result. These 
are: 

First, What probability is there of a more accurate determination of 
the sun's parallax ? 

The constant now in use is derived from the transits of Yenus in 
1761 and 1769, when the result from the former depended upon the 
accuracy with which the longitudes of distant stations were known, — 
a problem of much uncertainty even at the present day, — and the 
latter, to some extent, upon the observations of one who is now known 
to have forged his published data. AU the observations were learnedly 
discussed by Prof. Encke, who says of this method : " In comparison 
with that of 1769, the next two transits (of Venus) will be so unfavor- 
able that nothing short of perfection in the construction of instruments 
and art of observing can be expected to compensate for it." 

The paper of the astronomer royal, at Greenwich, — already re- 
ferred to, — leads to the same general conclusion. Both the transit of 
1874 and that of 1882 will take place in December of the respective 
years. If we wish to avail ourselves of the method " by difference of 
transits," the phenomenon of 1874 will require observers in Siberia, 
Tartary, and other arctic regions ; at that of 1882, they must occupy 
either the antarctic continent or the ice bounding its shores. Although 
summer will reign at the latter, who that reads the narratives of Cap- 
tains Wilkes or Ross will be likely to make a voyage thither upon the 
slender contingency of landing at a fixed date ? Will Siberia be more 
likely to attract observers in the winter of 1874 ? If not, the mode is 
impracticable, and so I am compelled to regard it. 
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If we would deduce the parallax from " the diJBTerence of observed 
times/' it will be necessary to determine with precision the longitudes 
of stations now unknown, but which will be occupied; a problem 
already said to be one of difficulty, and, moreover, one which will in- 
evitably involve a greater expenditure of time and money than several 
expeditions like the late one to Chili. Suppose, however, that the lon- 
gitudes have been properly ascertained ; in order to give additional 
precision to the accepted value. Prof. Encke tells us that the probable 
error of a single observed contact being seven seconds of tune, the pre- 
cision is only to be attained by having an immense number of observers 
at each station ! So rare and important a phenomenon will unques- 
tionably find many volunteers for its observation, and they will proceed 
to their distant posts well prepared for the work, if the means for their 
conveyance can be obtained. Then, their success will depend upon 
their having a clear sky during certain hours of that day. To how 
many of them, in opposite hemispheres, will ^hose few hours prove 
favorable? If cloudy in either hemisphere, the costly preparations and 
tedious voyages will have been in vain. Weighing all these circum- 
stances, the legitimate inference from Dr. Airy's paper corroborates the 
assertion of Encke, and assuredly we have the least possible amount, if 
any thing at all, to hope from transits of Venus prior to that of the year 
2004. 

The remaining methods are ^ by displacement of the planets Yenus 
and Mars in declination," measured nearly simultaneously from obser- 
vatories widely apart yet near the- same meridian, and " by observing 
the displacement of Mars in right-ascension, when he is far east of the 
meridian and far west of the meridian as seen at a single observatory." 
For given reasons, Mr. Airy expresses a preference for the latter 
method ; the former was followed by the late astronomical expedition. 

The method by Venus when near her stationary terms, suggested by 
Dr. Gerling in 1847, has never been fairly tried. Most observers ap- 
pear to have concluded that she is always too bright or too badly de- 
fined, because they have generally found her so in the evening when 
the refraction is most rapidly changing ; but any one who will examine 
the morning differentials made at Santiago, and the remarks accompany- 
ing them, will be convinced that micrometrical measurement? may be 
made with entire satisfaction, after the conjunction of the planet. At 
least, such was the case in Chili, and I doubt not that good morning 

32* 
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measures may be made elsewhere, more especially on elevated plateaus 
or where there is but little humidity in the atmosphere. Until the con- 
trary is conclusively ascertained, Venus deserves a further trial, and 
particularly by observations on high ground. 

The method " by displacement of Mars in right-ascension " is not a 
recent suggestion. It will be found in my correspondence with astroa- 
omers, which was published as a part of the Report from the Navsd 
Committee .when the Astronomical Expedition was recommended to Ck>n- 
gress, in 1848. The precise mode of operation pointed out by Mr. Airy 
was carried into effect by Mr. W. C. Bond in 1849, and his observations, 
then made, form part of Vol. III. U. S. N. Astronomical Expedition. 
He also made a second series, in a manner which, to my mind, is likely 
to afford a far preferable result ; for there is no known mode of registep- 
ing transits over wires, from which a differential right-ascension can be 
determined so accurately as the micrometer screw will afford, when 
the equatorial is driven by a good clock. Leaving out of the question 
the comparative probable error from a concluded transit and a micro- 
ametricl measurement, as well as the discrepancies in the actual inters 
val between evening and morning observations likely to arise firom un- 
eertain clock errors, Mr. Airy's mode involves, Jlrst, a knowledge of 
the very distance we are in search of; and second, that the plane of the 
instrument remains unchanged between the passages of the two oli^jects 
over the wires. The former objection is not actually insuperable ; hvA 
unless all parts of the telescope be made strictly homogeneous or the 
temperature remains unchanged between the transits of the two objects, 
the instrumental stability is more than doubtful. 

Let us admit that good observations may be made every evening ; how 
many times during the opposition period can we expect a clear atmos- 
phere on the following morning? In such summer climates as has 
Chili and perhaps most of the elevated table-lands on the western side 
of our continent, there will be a very large proportion ; probably seven or 
eight tenths of the whole would not be too many to expect. Bu<^ as- 
suredly, at the old-established observatories, there will not be more than 
one in three. And thus, if the period be limited to the four wedcs 
named by Mr. Airy, each observatory 9nay have about ten nights of 
comparative results. Nevertheless, during the whole four weeks, as the 
observations will be valueless unless made on a consecutive evening, and 
morning, or vice versa, the same observer must be at his post ^very 
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night, or personal equations, with their multiform and ever-varying 
phases, inevitably enter the discussion. I have endured a longer term 
of consecutive nights than that, though even under my regimen of life, 
— systematic as machinery, — it required a month of total relaxation 
to fit me for work again. This method is yet untried to any extent, but 
as it is urged by one who is justly enrolled among the most learned of 
Europe, and who receives our confidence, it is incumbent upon us to 
neglect no proposition which even promises a more reliable solution of 
the problem. 

On the other hand, the method " by displacement in declination " has, 
been found to be eminently practicable. The differential measures 
admit of the nicest accuracy, and of infinite repetition for the elimination 
of accidental errors. They may be made from the rising of the planet 
(Mars) to his going down, during which period a series for the previous 
method may be included. Observers may be changed ad libitum (ex- 
cept in the series for the latter), and thus, by the continuous interval 
embraced, it affords a greater probability for results from corresponding 
measures in opposite hemispheres, than from the night and morning ob- 
servations of any one observatory. 

At the oppositions of Mars in 1860 and 1862 he will be in a far 
more favorable distance from the earth than he was during any meas- 
urements in 1849-50 and 1851-52, or thwi he will be again until the 
summer of 1877. At neither period of my observations did the total 
leasured displacement in declination exceed 14".8, whilst next year 
and in 1862 it will be 22".0, an advantage so important that, — with 
the certainty of fifteen years longer to doubt all celestial distances if 
we do, — no trifling obstacle should deter us from laboring to seize it. 

Second. How many observatories will now cooperate to determine 
the sun's parallax more accurately ? 

There is no doubt that those of Washington, Albany, Cambridge, and 
Ann Arbor, — all of them provided with instruments of the first class, — 
will furnish full series of observations, and, for an object which so cer- 
tainly promises success, we may also reasonably expect valuable data 
from amateur astronomers. Copies of the volume containing the ob- 
servations made during the years 1849-52 were sent to all astrono- 
mers known to me, as well in this country as in Europe, and those who 
doubted the practicability of the method, when it was proposed in 1847, 
no longer have that as apology for withholding their aid. So earnestly 
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have they been blamed for their neglect to cooperate and thereby per- 
mit the principal object of the expedition to fail, that they would 
scarcely again venture to hold back. Certainly they would not do so 
in the United States, and probably not in continental Europe. It would 
not be so safe to promise for England. Even had not the astronomer 
royal recommended every establishment to make measurements of the 
displacement in right-ascension for itself, they may still ^^ have each 
their own line to follow." But we need neither their aid nor that of 
any European observatory. America began the work — she is able to 
perfect it ! We have ample means and power for doing so at the 
northern terminus, and I cannot believe that science will ask in vain 
the small sum necessary to secure corresponding observations from the 
southern extremity of our continent. Unfortunately for astronomy, 
there are only two observatories in the southern hemisphere. Of these, 
one, at the Cape of Grood Hope, is English, apd the other, at Santiago, 
is the national observatory of Chili. The latter has the instruments 
taken thither by the late astronomical expedition, to which its perma- 
nent foundation is due. 

The director of the Cape observatory very cordially united with us 
in one of the series of observations on Mars, and his contribution forms 
part of the volume already referred to. He may be willing to do so 
again. If able to do so, the director of the Santiago observatory will, 
undoubtedly, carry out any plan of operations which may be proposed ; 
but the government there is just completing a new observatory building 
and the instruments may not be ready in time to take part in the obser- 
vations next year. Moreover, unless the director obtains competent 
assistance, his health is too delicate to resist the continuous nightly work 
that will be required. It appears almost certain, then, that if the prob- 
lem is to be solved within our day, it must mainly if not altogether de- 
pend upon another expedition. 

A government expedition is impracticable. The observations should 
extend through at least two oppositions of the planet Mars, and I have 
already said that the two most favorable ones prior to 1877 will be 
those of next year and of 1862. There remains only five months in 
which to construct and ship observatories and instruments to a distance 
of 5,000 miles, and prepare the necessary ephemerides. The executive 
would scarcely authorize the measure without the sanction of Congress, 
and the course of legislation by that body is such that a law could not 
be passed in time. 
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Nor can we expect pecuniary aid from the scientific societies of our 
country. None of them have the means at command to meet such ex- 
penses. And yet they will not exceed the following sums : 

1. Observatories and instruments, .... $6,500 

2. Salaries of astronomer and assistants three years, • 16,500 

3. Travelling expenses and incidentals, • • . 4,500 

4. Freight and transportation, 2,500 

Of the $30,000 needed, at least $8,000, — to arise from the sale of 
the instruments and buildings at the end of the work, — should be 
brought back to the United States to meet the expenses for calculations 
and publication of results. 

The selection of a proper station at which to make the observations 
is of the first importance. It should be as far south as is consistent 
with climate, resources for the party, and its ulterior advantages to 
the cause of astronomy. Taking up these desiderata in reversed order, 
I do not hesitate to point out the Argentine Confederation as the most 
suitable country. Its high lands have a climate as favorable for obser- 
vations as that of Chili, to which they are just near enough to excite 
emulation between the respective astronomers. Its people make daily 
progress in science and literature as well as the more immediately use- 
ful mechanic arts. Its present President has established peace and 
order where civil war and anarchy before prevailed, devoting the seven 
years of his administration to the promotion of measures calculated to 
secure confidence and respect for his government abroad, whilst organ- 
izing institutions that would elevate the standard of intelligence, and 
thus render to liberty a permanent home. Nor has he been less 
thoughtful for the material progress of his countrymen ; so that within the 
next quarter of a century the States of La Plata will have so increased 
in population, enterprise, and wealth, as to take rank among the first 
nations of the world. 

An observatory east of the Andes is greatly needed, and we may be 
morally certain that a national establishment will result as did the one 
in Chili, if an expedition for a similar object and equally well equipped, 
be sent to the sister republic. 

Until the astronomer shall have made personal examination at Ea- 
sario, Parand, San Luis, and Mendoza, and also has learned the 
wishes of President Urquiza, its actual locality cannot be decided upon. 
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In case of accidental injury to the instniments, for the sustenanee of 
the partj, or for the iUness of either of them, thej most be in ot ti«at 
a city. In choosing one, if it can be done without materially sborteo* 
ing the base of operations, it will be advantageous to approach <h& me- 
ridian of the northern observatories. 

From the information now before me, Mendoza best salisies \\ie$ft 
conditions, and therefore appears to be the most eligible plaee. It is 
only half a degree of latitude north of Santiago de Chili. It is %M 
feet above the sea level. Its climate is probably much more favorable 
than that of towns in the valley of the Parang whilst its population 
of 9,000 souls are guaranty of the mechanical and other resources 
which may be needed. As San Luis is thirty-five miles further south 
than Mendoza and is quite as elevated as is that city above the ocean, 
it would be preferable to Mendoza were it not that the latter is 2° east 
of our most eastern observatory, and San Lais is 2°.3(/ still nearer to 
the Atlantic. 

And now, having presented the subject to the Association,! laoetxe* 
spectfuUy submit that the occasion is one which entitles it. to joor 
support. In such case, it is believed that your appeal for fun4^ ^o Ik 
patrons of science in the United States will not be made in yaia, and I 
beg leave to suggest that they be requested to send the sums they "n^ 
contribute to the Smithsonian Institution. That Institation can more 
properly be charged with the supervision of the work than any oto, 
because of its national charter and of the fact, that, as the Presideiit of 
the United States is by law its Patron, his signature to the credent]a[ls d 
the astronomer would be of paramount importance in securing indispen- 
sable facilities and protection to the expedition. 

J. M. GiLLiss. 



Healixg Spbings, Va.^ 30th July, 1859. 
Deab Sir, — Your kind and acceptable letter of the 1 6th, after foir 
lowing my wanderings through the mountains for soiae time, found me 
here two days ago, which wiU account for the want of that prom^e^ 
in its answer which it deserves. I regret extremely that I am compefled 
to forego the pleasure of accepting your kind invitation to attend ft& 
meeting of the Association for the Advancement of Science, to be held 
at Springfield early in the ensuing month. Nothing vronld gixe is& 
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more pleasure, bat the state of my health is such that it forbids the 

thought of taking any trip, even one promising so much of pleasure 

and enjoyment as that to Springfield. 

Present my most respectful acknowledgments to ^' the Association 

and citizens of Springfield " for their offer of " a cordial welcome " to 

me, and express to them my real regret at my inability to accept it 

With high esteem and respect, I am, dear Sir, 

Very truly yours, 

John B. Flotd, 
Mr. Georgb a. Otis. 

Hartfobd, July 25, 1859. 

Sir, — I have had the honor to receive through you an invitation 
from the Local Committee of the American Association for the Ad- 
vancement of Science, to attend the meeting of the Association, which 
will be held at Springfield early next month. 

Highly appreciating the objects of the Association, and the advan- 
tages resulting from its inquiries, I should take great pleasure in being 
present on the occasion, but my engagements wiU not permit it. 

Allow me to express, through you to the Committee, and accept also 
for yourself, the acknowledgments due for this act of courtesy. 

With sentiments of high respect, 

I am very truly yours, 

Isaac Toucet. 

Dr. (xEOBOE A. Otib, Jr., Local Secretary, iv. 



INVITATIONS. 

Palmer, Augast 4, 1859. 

Gentlemen, — I have the honor of extending the courtesies of this 
Institution to your Association, and shall be most happy, on your ex- 
cursion to Amherst, to show you one of those noble State charities for 
which Massachusetts is so highly distinguished. 

Most respectfully yours, 

John M. Brewster, Jr., 
Superintendent of the Monson State Alms House, 
To the Ameeioan Scientific Association. 



EBBATA. 

Page 7, twenty-third line from top, for abSUy read utiUty, 
Page 15, fourteenth line from top, for Jbund resA formed. 
Page 19, eighteenth line from top, for eocperimenU read eqaipmmis* 
Page 23, twenty-sixth line from top, for Guinard read Guinand. 
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